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ABSTRACT 
This thesis comprises of five chapters. In the first chapter a detail uptodate 
literature of the synthetic inorganic ion exchanger has been reviewed. These ion 
exchange materials are particularly used where chemically modified oxide surfaces 
are involved. In disciplines such as separation of ionic species in radioactive wastes 
and in catalysis where the use of ion exchangers are proved to be an added advantage 
due to their high thermal and chemical stability, resistivity towards radiation and 
selectivity for certain ionic species. These materials also find extensive applications 
in the recovery and concentration of precious metal ions, removal of toxic species, 
separation of ionic components in pharmaceuticals, pesticides, food materials etc.. 
The knowledge of their chemical and surface characteristics is of great importance for 
the understanding and eventual improvement of their performance. Efforts have been 
made to make the ion exchanger highly selective for certain species by mixing 
inorganic and organic components or by incorporating organic moieties into the 
inorganic ion exchanger. 
Second chapter describes the synthesis of a semi-crystalline ion exchanger, 
zirconium (IV) sulphosalicylate by adding an organic component, sulphosalicylic acid 
(0.5M) to zirconium oxychloride (0.25M) in different volume ratios and different pH. 
The increasing mixing volume ratio of zirconium to sulphosalicylate acid causes in 
better yield of the product and an enhancement of the exchange capacity The 
exchanger has been characterized on the basis of ion exchange capacity. pH-titration, 
chemical and thermal stability, chemical composition. X-ray diffraction and FTIR 
studies The ion exchange capacity for alkali metals increases from Li"^  to K^  while 
for alkaline earth metals, show reverse sequence The reversible behaviour of ion 
exchange of the material has been established by comparing H'^-adsorption and H*-
liberation capacities The pH titration curves reveal its mono-fimctional weak cation 
exchange behaviour Some broad peaks in X-ray diffraction pattern have indicated the 
semi-crystalline nature of the material The material is stable upto 300°C The 
chemical composition suggests that the mole ratio of zirconium and sulphosalicylic 
aciil is U) be I 1 Soiplion of sv>mc metal ii>ns \\\ scvcial solvent systems has been 
studied in terms of Kj values The analytical importance has been demonstrated by 
achieving some analytically important binary separations of metal ions 
In the third chapter, thin layer chromatographic identification and separation 
of three pyicthroid (cypcimcthiin, dcltamcthiin and fcnvaleratu) insecticides have 
been discussed on ion exchange material hydrous zirconium oxide layers 
Chromogenic reagents iodine and o-tolidin (in IO''''nv/v iif acetic acid) have been used 
for the simple and rapid detection of these insecticides The mobility of these 
insecticides has been screened with a number of pure and mixed organic solvents A 
comparison of the chromatographic results obtained for thin layers of hydrous 
zirconium oxide and hydrous zirconium oxide layer impregnated with OOIM zinc 
nitrate shows that the retention of these insecticides is enhanced in all solvent systems 
studied in the later case The etTect of addition of formic acid to methyl acetate and 
ethyl acetate on the mobility of insecticides has been studied Two particular 
compositions of these mixed solvents systems were proved to be iiseftil in the 
separation of fenvalerate from deltamethrin and cypermethrin. Insecticides were also 
chromatographed in some mixed organic solvents. The experimental results 
represented as RM versus log C, where C is the concentration of relatively more polar 
solvent, explains the possible interaction of solvent with the insecticides. The 
molecular interaction involved on the surface of hydrous zirconium oxide layer seems 
to be of hydrogen-bond type. A number of binary separations of insecticides have 
been achieved. The method has also been utilized for detection and separation of 
these insecticides residues in wheat. Insecticide residues at 1 |.ig level in the sample 
can be detected by this technique. 
The fourth chapter describes a simple approach to ion exchange equilibria of 
bivalent transition metal ions (Co^\ Zn^ ,^ Cd^'and Cu^ ^VK"^  systems on zirconium 
(IV) iodophosphate. The exchange isotherms have been constructed in M (NOj) 2 -
KNO3 media with ionic strength of 0,01 at temperatures 30, 40, 50 and 60°C by batch 
technique. It has been found that metal ions are preferred to K^  by the exchanger and 
affinity for these metal ions increases with the increase in temperature. 
Thermodynamic equilibrium constant have been evaluated from the plots of 
selectivity coefficients (logarithmic scale) versus equivalent fraction of metal ions in 
the exchanger phase. Thermodynamic selectivity sequence was found to be 
Co""<Zn' '<Cd"^<Cu'\The values of standard free energy change, enthalpy change 
and entropy change for the exchange process are reported. Negative value of free 
energy change and decrease in entropy are observed over all the temperatures studied. 
The last chapter describes the preparation of inorgano-organic ion exchanger 
by derivatizing the inorganic ion exchange material tin(IV)tungstoselenate with an 
organic moiety ,pyridine. The chemical studies show that the mole ratio of tin (IV) 
tungstoselenate to pyridine to be 806.5:1 indicating a weak sorption of pyridine onto 
the surface of tin (IV) tungstoselenate. The material has been characterized on the 
basis of SEM, FTIR, DTA and TGA. Uptake of Cu^^ Ni^ *, Co^ "^ Fe^ a^nd Fe'* was 
found to be much higher on tin (IV) tungstoselenate-pyridine as compared to tin (IV) 
tungstoselenate. Uptake of these metal ions as a function of loading and pH has also 
been studied. The following attlnity order Cu^ *>Ni^ '^ >Co^ *>Fe^ '^ >Fe^ ^ was observed. 
The uptake of metal ions increases initially with loading and becomes constant at 
higher loading. The most favourable pH range was found to be 3.5 to 4.5. 
( Ace. No.,:«., ^^f 
T5343 
rEDASHFAQNABI 
M.Sc.M. Phil. Ph.D. 
'ofessor of Analytical Chemistry 
A M U 
PHONE. (Off.) 0091-0571^00515 
fftcs.j 0091-0571-404014 
DEPARTMENT OF CHEMISTRY 
ALIGARH MULSIM UNIVERSITY 
ALIGARH-202002(INDIA) 
12 o5' 2000 
CERTIFICATE 
This is to certify that the work embodied in this thesis entitled "Studies on Ion 
Exchange Materials and their Analytical Applications" is the result of the original 
research work of Mr. Aminul Islam carried out under my supervision and suitable for 
submission for the award of the degree of Doctor of Philosophy in Chemistry. 
(Dn SYED ASHFAQ NAN) 
Residence: 4/ 1296E, Iqra School Road. New Sir Syed Nagar. Aligarh-202002 (U.P.) INDIA 
DEDICATED TO MY LOVING AM4I 
ACKNOWLEDGEMENT 
Praise be to Almighty who grants success to his slaves. 
I must place on records the debts of gratitude I owe to my supervisor Prof. Syed 
Ashfaq Nabi, whose enthused support and able guidance made it possible for me to 
complete this research work. 
The helpful suggestions and affirmative responses rendered by Dr. Nafisur 
Rahman in making this task fruitful are gratefully acknowledged. 
1 also thank Prof Saidulzafar Qureshi, Chairman, Department of Chemistry, for 
providing the necessary research facilities and the University Fellowship provided by the 
AMU for which I remain indebted to my alma mater. 
I really appreciate the invaluable help and encouragement extended by my 
colleagues and friends. 
I shall be ever indebted from my inner heart to my loving parents, brother and 
sister whose affection and blessing made the lucrative triumph in my academic pursuit. 
(AMINUL ISLAM) 
LIST OF PUBLICATION 
Synthesis, ion exchanger properties and analytical applications of a 
semi-crystalline ion exchange material zirconium (IV) sulphosalicylate. 
Annales De Chimie Science des materiaux (France), 1997, 2(7), 463-473 
on. 
Ion-exchange equilibria of transition metals and potassium ions inorganic 
ion exchanger zirconium (IV) iodo phosphate 
Adsorption Science and Technology (UK), 1999, 8, 17 
Thin layer chromatographic separation of pyrethroid insecticides on 
hydrous zirconium oxide layers 
Acta Chromatographica (Poland), 2000, 10 (In press) 
Synthesis, characterization and application of a derivatized acidic salt of 
tetravalent metal pyridine anchored onto tin (IV) tungstoselenate. 
Surface Science (USA), (communicated) 
CONTENTS 
LIST OF TABLES 
LIST OF FIGURES 
CHAPTER - 1 General introduction 
1 
iii 
1-39 
CHAPTER - 2 Synthesis, ion exchanger properties and analytical 
applications of a semi-crystalline ion exchange 
material: zirconium (IV) sulphosalicylate 
40-60 
CHAPTER - 3 Thin layer chromatographic separation of pyrethroid 
insecticides on hydrous zirconium oxide layers 
61-78 
CHAPTER - 4 Ion exchange equilibria of transition metals and 
potassium ions inorganic ion exchanger : zirconium 
(IV) iodo phosphate 
79-97 
CHAPTER-5 Synthesis, characterization and application of a 
derivatized acidic salts of tetravalent metal: pyridine 
anchored onto tin (IV) tungstoselenate 
98-115 
LIST OF TABLES 
Tablel.l Properties of some ion exchange materials prepared earlier 
Table2.1 Condition of synthesis and few properties of zirconium (IV) 
sulphosalicylate 
Table2.2 Ion exchange capacity of zirconium (IV) sulphosalicylate 
for various cations at pH 6.5 
Table2.3 Chemical stability of zirconium (IV) Sulphosalicylate in 
different solution 
Table2.4 Effect of drying on ion exchange capacity and colour of 
zirconium (IV) sulphosalicylate 
Table2.5 Distribution coefficients of some metal ions on zirconium (IV) 
sulphosalicylate in different solvent systems 
Table2.6 Quantitative separation of metal ions on zirconium (IV) 
sulphosalicylate column 
Table 3.1 Rf values of insecticides on HZO layers 
Table3.2 Rf values of insecticides on the layers of HZO impregnated 
with 0.01 M zinc nitrate 
Table3.3 Rf values of insecticides in the methyl acetate-formic acid 
solvent system on HZO layers 
Table 3.4 Rf values of insecticides in the ethyl acetate-formic acid 
solvent system on HZO layers 
Table 3.5 Effect of polar solvent on the movement of insecticides 
in various polar-non-polar binary solvents on HZO layers 
Table 3.6 Binary separations achieved experimentally on HZO layers 
with different solvent systems 
Table 4.1 Maximum uptake of transition ions at different temperatures 
on ZIP 
Table 4.2 Equivalent fi-actions of Cu'*, selectivity coefficients and 
thermodynamic parameters for Cu^TK", exchange on 
13-22 
46 
47 
49 
54 
56 
57 
66 
67 
68 
68 
70 
76 
83 
92 
Table 4.3 EquivalentfractionsofCo^*, selectivity coefficients and 93 
thermodynamic parameters for Co^^ /K* exchange on 
ZIP at various temperature and constant ionic strength 
Table 4.4 Equivalent fractions of Zn^ ,^ selectivity coefficients and 94 
thermodynamic parameters for Zn^ */K* exchange on 
ZIP at various temperature and constant ionic strength 
Table 4.5 Equivalent fractions of Cd^ *, selectivity coefficients and 95 
thermodynamic parameters for Cd~^fiC exchange on 
ZIP at various temperature and constant ionic strength 
Table 5.1 K<j values of metal ions on TTS and TTS- pyridine 109 
Table 5.2 Uptake of metal ions as a function of loading by TTS-pyridine 109 
Table 5.3 Uptake of metal ions as a function of pH by TTS-pyridine 111 
Ill 
LIST OF FIGURES 
Fig. 2.1 pH titration curves of zirconium (IV) sulphosalicylate 48 
Fig. 2.2 FTIR spectrum of zirconium (IV) sulphosalicylate 50 
Fig. 2.3 X-ray diffraction pattern of zirconium (IV) sulphosalic>'late 51 
Fig. 2.4 TGA curve for zirconium (IV) sulphosalicylate 52 
Fig. 2.5 DTA curve for zirconium (IV) sulphosalicylate 53 
Fig. 3.1 Plot of RM VS Log C in acetone-cyclohexane system 71 
Fig. 3.2 Plot of RM VS Log C in acetone-methyl acetate system 72 
Fig. 3.3 Plot of RM VS Log C in ethanol-hexane system 73 
Fig. 3.4 Plot of RM VS Log C in 1, 4-dioxane-hexane system 74 
Fig. 3.5 Plot of RM VS Log C in propane-2-ol-ethyl acetate system 75 
Fig. 4.1 Ion exchange isotherms of Co^ */K* on ZIP at different temperatures 84 
Fig. 4.2 Ion exchange isotherms of Zn^ */K* on ZIP at different temperatures 85 
Fig. 4.3 Ion exchange isotherms of Cd^ */K^ on ZIP at different temperatures 86 
Fig. 4.4 Ion exchange isotherms of Cu^ */K* on ZIP at different temperatures 87 
Fig. 4.5 Log of selectivity coefficients of Co^ */K* exchange Vs equivalent 88 
fraction of Co^ * in exchanger phase 
Fig. 4.6 Log of selectivity coefficients of Zn^ */K* exchange Vs equivalent 89 
fraction of Zn~* in exchanger phase 
Fig. 4.7 Log of selectivity coefficients of Cd^ */K* exchange Vs equivalent 90 
.2+ fraction of Zn in exchanger phase 
Fig. 4.8 Log of selectivity coefficients of Cu^ */K* exchange Vs equivalent 91 
fraction of Cu^ * in exchanger phase 
Fig. 5.1 SEM images (a) tin (IV) tungstoselenate (440 x magnification) 103 
(b) tin (IV) tungstoselenate-pyridine (120 x magnification) 
Fig. 5.2 FTIR spectrum of tin (IV) tungstoselenate 104 
Fig. 5.3 FTIR spectrum of tin (IV) tungstoselenate-pyridine 105 
Fig. 5.4 TGA curve of tin (IV) tungstoselenate-pyridine 107 
Fig. 5.5 DTA curve of tin (IV) tungstoselenate-pyridine 108 
Fig. 5.6 Adsorption isotherms of metal ions on tin (IV) 110 
tungstoselenate-pyridine 
Fig. 5.7 Uptake of metal ions as a function of pH by tin (IV) 112 
tungstoselenate-pyridine 
"V" 
CHA^Tin - / 
General Introduction 
- f e . 
GENERAL INTRODUCTION 
Every respectable branch of science has its own theory- a collection of laws, 
axioms, corollaries and rules that guides the scientists in using experiments to unravel the 
secrets of nature. Analytical chemistry is a discipline in its own right in chemistry. This 
branch usually begins by placing chemical analysis in the broader perspective of 
chemical science, describing different types of analysis (e.g. qualitative, quantitative) on 
macro to micro level and can also be applied to the routine analysis. It has extensive 
application in the analysis of organic and inorganic compounds, pharmaceuticals, 
biochemicals, body fluids, polluted water, food and in many other areas. With the 
growing global awareness in health hazards and environmental pollution analytical 
chemistry has played key role to umeil its causes. It has reached the pinnacle of precision 
with the sophisticated computerized instrumental techniques. Modem instrumentation 
makes possible to elucidate the microstructure of molecular species and thereby the 
reaction mechanics taking place onto the species, studies of rare and artificial radioactive 
elements and to obtain substances in the highest state of purity. However, the goals and 
objective of chemical analysis have not changed despite the change of ways in which 
these objectives are realized over the years. 
It is of primary concern for an anahtical chemist to separate different constituents 
of a sample prior to chemical analysis. Besides the classical separation methods such as 
filtration, fractional distillation, precipitation and crystallization which involves long and 
complicated operation, chromatography and ion exchange have been emerged as a very 
important analytical tool. They have played a significant role in identification, separation 
and quantitative determination of ionic and non-ionic species and purification of 
chemical compounds. 
The historical development of the chromatography technique has followed a 
winding path. Hence, it would be difficult to give due credit to many others contribution 
to this field. To mention. Days experiments (1) were indeed successful when he passed a 
crude oil through a layer of finely pulverized fuller's earth. The first firaction was very 
similar to high petroleum fraction obtained by distillation. Heavier oils followed and then 
petroleum jelly. The term 'chromatography' is attributed to Twsett (2) who in 1906 first 
described the separation of colored leaf pigments using calcium carbonate powder as 
adsorbent in a column. About 25years elapsed before Kuhn, Winterstein and Lederer (3) 
virtually rediscovered the method Techniques such as displacement development, frontal 
analysis and elution chromatography were later developed by Tiselius and others (4). In 
1941, Martin and Synge made their historical discovery of liquid-liquid partition 
chromatography (5). After a period of ten years, Martin and James demonstrated a new 
analytical technique called Gas-liquid chromatography (6). In 1951, Krichner (7) has 
introduced thin layer chromatography as it is practiced today. Now a day its use not only 
restricted in dealing the aspects of organic chemistry but also in every field of science 
related to chemical analysis. 
By definition, chromatography is a method of analysis in which flow of solvent 
or gas promotes the separation of substances by differential migration fi"om a narrow 
initial zone in a porous sorptive medium. Even though chromatography is a universal 
technique but can be classified on the basis of the type of equilibration process involved 
which is governed by the type of stationary phase. Various bases of equilibration are: 
sorption, (sorption, chromatography), distribution (partition chromatography), ion 
exchange (ion exchange chromatography) and penetration (size exclusion 
chromatography) etc. 
In sorption chromatography, the stationary phase is a solid on which the sample 
components are adsorbed. Depending on the type of mobile phase it can further be 
divided into liquid-solid chromatography and gas-solid (gas chromatography) 
chromatography where the mobile phase is liquid and gas respectively. Thin layer 
chromatography (TLC) is a type of liquid-solid chromatography in which stationary 
phase is a solid, supported on an inert plate in plane. The sample components distribute 
between two phases through a combination of sorption and desorption processes. 
The stationary phase of partition chromatography is a liquid supported on an inert 
solid. Again, the mobile phase may be a liquid (liquid-liquid partition chromatography) 
or a gas (gas-liquid chromatography, GLC). The subdivision of liquid-liquid 
chromatography are column chromatography in which the liquid held stationary by inert 
solid in column and paper chromatography when it is on sheets of paper. Electrophoresis, 
in which an electrical gradient is applied across the sheet to cause molecules to migrate 
according to the sign and magnitude of their charge, is an advanced form of paper 
chromatography. 
Ion exchange chromatography uses an ion-exchange material as the stationary 
phase and in size exclusion chromatography separation takes place as a function of the 
pore size of porous media, used as stationary phase. These are actually arbitrary 
classification of chromatography and some types of chromatography are considered 
together as a separate technique. 
Liquid chromatography (LC) refers to the chromatography technique in which 
mobile phase is liquid such as liquid-solid sorption chromatography and column 
chromatography. This has been extensively used for the fractionation and separation of 
organic mixtures both for preparative and analytical purposes. Since the day of its 
discovery, advances in the theoretical interpretation, modernization of the technique and 
diversified application continued to rise 
One of the major attributes of LC over gas chromatography arises fi-om the 
participation of the mobile phase in the equilibrium distribution of eluite molecules. Ion-
pair formation between the eluite molecules and oppositely charged counter ions is 
assumed to enhance the retention of compound. Because anionic, cationic and zwitter 
ionic molecules can undergo ion-pair formation with appropriate counter ionic reagents-
the use of ion pairing reagents has expanded the scope of ion-pair chromatography. 
This method permits the rapid, selective separation of ionizable molecules, drugs, 
biogenic amines, dyestuffs etc. and amenable to both micro analytical and preparative use 
(8,9). 
Although classical open column LC is still a widely used technique, modem high 
performance liquid chromatography (HPLC) has become the standard technique for 
column separation because of its increased speed, resolution, sensitivity and its 
convenience for quantitative analysis There is no difference in the basic mechanism 
involved; only the apparatus employed and the practice of the technique are different. 
The versatility of the technique has led the publication of numerous books and review 
articles dealing with its theory, instrumentation and application (10,11). A major 
advantage of HPLC over other chromatographic technique is its ability to analyze non-
volatile, ionic, thermally labile and even biologically active compounds rapidly. It has 
been especially useful in the separation of drugs and their metabolites and in the analysis 
of such normal constituents of cells as steroid nucleotides (12-14). Finally, mass 
spectrometer and stopped flow UV scanning technique online with HPLC has been 
appUed m the identification of peaks in complex biological mixture to eliminate the 
errors of post chromatographic sample handling (15). 
Ion-exchange chromatography was the first of the various liquid 
chromatography methods to be used under modem LC conditions. Automated high-
resolution ion-exchange chromatography dates from the early 1960 with the introduction 
of routine amino acid analysis. Basically the same technique was later extended to the 
analysis of literally hundreds of different compounds in physiological fluid. It has also 
proved to be extensively useful for the separation of inorganic ions (especially rare 
earths), multi-components of alloys, heavy metals in industrial effluent and fission 
products of radioactive elements (16,17). 
Size exclusion chromatography, sometimes referred to as gel permeation 
chromatography has been applied to the separation of particularly non-ionic 
macromolecules such as proteins and nucleic acids. It is widely used for fractionating and 
obtaining the molecular weight distribution of cellulose and its derivatives (18,19). A 
thorough discussion on this technique can be found in the books (20,21). 
Gas chromatography is a method for separating components of mixtures of 
volatile compounds In most applications, the separations are made to identify and 
determine the quantity of each component of a sample. In some applications, separations 
are made for preparative purpose. The technology and application of gas chromatography 
are almost completely independent of other chromatographic techniques. For many 
process streams, gas chromatography can provide more information in a directly 
supplanted mass spectrometry and, to somewhat lesser extent, IR for on-line analysis of 
multi-component streams. 
Planar chromatography includes paper chromatography (PC), thin layer 
chromatography (TLC) and electrophoresis (EP). Paper chromatography is preferable 
for anal>lical purpose because of its advantage of being more reproducible and less 
subject to irregularities of solvent flow which impair separation. In 1850, Runge 
published a book describing the development of the technique for the analysis of dye 
mixture and inorganic compounds on blotting paper (22). It was, however, the work of 
Consden et. al. (23) that put PC in the form we know today. 
Electrophoresis is the study of electromigration of ion and colloidal materials 
and has scored notable success in the fractionation, separation and identification of micro 
amounts of high and low molecular weight substances such as lipoproteins, amino acids 
and metal ions (24,25). Under favourable condition substances are not only separated 
totally from the mixture but may be recovered almost completely. It was initially reported 
by Jorgenson and Lucas (26) in 1981. Several reviews described the contribution in the 
development of this technique (27,28). 
lonography and zone electrophoresis share the many advantages of the more 
classical moving boundary method of EP in non stabilized electrolytes and separation 
involve a minimum risk of altering the chemical nature of substances, a feature of great 
importance to biochemists, who so often work closely related and easily altered 
compounds in physiological fluids. 
The advances in EP leads to the development of capillary electrophoresis which 
has found the acceptance for the rapid and efficient separation of especially biopolymers 
(29,30) and in the field of DNA (28) and pharmaceutical analysis (31). Pulse field 
capillary gel electrophoresis (PFCGE) is now emerging as a promising technique to 
improve the separation of nucleic acids as well as biopolymers. (32). 
Amongst all the planar chromatographic techniques, TLC is considered to be very 
versatile technique because of its many advantages that include high sample throughput 
and low cost per analysis, muhiple sample and standards can be separated simuhaneously 
and sample preparation requirements are often minimal because the stationary phase is 
disposable. It has been employed in virtually every branch of organic chemistry 
especially in instance where crystallization is difficult under normal conditions and 
samples are not amendable to GC. The discovery of TLC is usually ascribed to Izmailov 
and Schraiber (33) who utilized layers of alumina on glass plates for the separation of 
extracts of medicinal plants. However, the first publication with the title "Thin Layer 
Chromatography" appeared in 1956 by Stahl (34). He chalked out an original research 
methodology on TLC and the idea of standardization of this technique was laid down. 
This began with the thickness of layers, plate size, length of run, chamber saturation, 
sample preparation, standardization of sorbent materials with the help of test mixtures 
and detection of separated zones. The strategies for solute retention and optimizing the 
mobile phase were developed step by step. Development in the apparatus and techniques 
has offered automation, reproducibility, and accurate quantification and application to a 
wide variety of analysis (35). 
The modem instrumental form of TLC is known as high performance thin layer 
chromatography (HPTLC) that is advantageous compared to HPLC and GC in many 
analytical situations and has been found wide use (36-39). Coupling techniques for TLC 
with various spectroscopic methods such as MS (40), IR spectrometry (41), inductively 
coupled plasma atomic emission spectrometry (42), secondary ion mass spectrometry 
(43) and many others have improved the minimum detectable quantity of sample in 
tremendous manner. Pharmaceutical analyses were successfully performed by coupled 
TLC/HPLC, in which the column eluent was directly spotted onto plates (44). An 
automatic spotter managed with a personal computer has been used with TLC to achieve 
reproducible application of nanoliter to microliter sample volumes in compliance with 
GLP (45). Affinity thin layer chromatography (ATLC), which combines the use of 
solid-phase bound antigen and conventional TLC, was shown to be a simple, rapid, and 
self contained system for assaying the immunoreactive fraction of radio labeled 
antibodies (46). 
Numerous reviews (47,48) on TLC show that most of its applications are in the 
form of conventional qualitative TLC rather than modem quantitative HPTLC. 
Conventional TLC allows fast, inexpensive, qualitative and semi-qualitative analyses in 
the laboratory or field with minimal operator training required. It has also been supported 
by the information of worlds leading plate manufacturing companies that the vast 
majority of their sales are plain silica gel phases. A part from the organic compounds (49) 
TLC has been extensively used in the field of pharmaceuticals (50,51), pesticides (52-
54), inorganic ions (55-59), industrial (60), environmental (61) analysis and forensic 
science (62,63). 
In TLC, the most preferred coating materials as stationary phase are silica gel, 
cellulose and alumina Besides these, a variety of adsorbents such as activated charcoal, 
magnesium and calcium silicate, and chitin layers are also used. The Na X-molecular 
sieves and ion-exchange resins of particle sizes 40-80 ^m are also suitable for preparing 
thin layers. The presence of an ionogenic material on the plate is advantageous, 
particularly for the study of ionic species because the ion-exchange property of the 
material plays a more prominent role than its simply adsorption behaviour. Apart from 
silica gel and alumina which posses hydroxyl groups showing ion-exchange 
characteristics, synthetic inorganic ion exchangers have also found successftil use in 
TLC. Several reviewers (64) have maintained the analytical capabilities of synthetic 
inorganic ion exchangers as stationary phase in TLC. For the sake of convenience, 
inorganic ion exchangers have been classified into four categories, and all of them have 
found their use in TLC. 
Thin layers of hydrated oxides 
Zirconium oxide (65-68) was used, probably, for the first time for the separation 
of metal ions and anions. The oxides of tin (69) and indium (70) were selected for the 
separation of various anions. Citric acid from ten carboxylic acids was isolated using zinc 
and titanium oxide (71). Aminophenols were chromatographed on titanium oxide (72). 
Thin layers of insoluble metal salts of polybasic oxides 
Zirconium phosphate (73,74) was found of utmost interest in TLC for the 
separation of cations. Cerium phosphate (75) and molybdate (76) were studied for the 
chromatography of cations. Nabi ei.al. used stannic tungstate for the separation of amino 
acids (77) and explored the immunophysiological and bioanalytical potentiality of the 
material by separating phenols from tea, coca and grapes (78). The same material was 
used for the separation of gold from numerous metal ions (79). The work on stannic 
arsenate (80,82) and antimonate (83) by Qureshi ei.al was worthnoting. Ammonium 
molybdate was utilized for the chromatography of 32 synthetic dye (84). 
Thin layers of metal ferrocyanides 
Fog and Wood (85) chromatographed 16 samples of sulfonamides on zinc 
ferrocyanide. Alkali metal ions were also analyzed on the same material (86). 
Thin layers of heteropolyacid salts 
Lesigang and his group who chromatographed alkali metals on ammonium 
phosphododeca molybdate, areseno dodeca molybdate, germanododeca molybdate and 
oxinium and pyridinium germanododeca molybdates (87,88) in an ammonium nitrate 
system made an excellent beginning in this class. Thirty-five primary aromatic amines on 
ammonium tungstophosphate and ammonium molybdophosphate were studied and many 
separations were suggested (89). Tin (IV) arsenosilicate (90) and arsenophosphate (91) 
were used to study the alkaline earth, transition metals and amino acids. 
Ion exchange, basically a process of nature occurring throughout the ages before 
the dawn of civilization, has been embraced by analytical chemists to make use of 
difficult separation easier and possible. Today its over expanding uses bring man closer 
to his dreams was comfort and ultimately his Utopia. Rarely has a particular area of 
science seen so spectacular and so phenomenal growth as ion exchange. 
Historically speaking, the use of solid absorbing substances to improve water 
quality has been recorded since ancient times. Francis Bacon brought the international 
use of ion exchange, without knowledge of its theoretical nature, based purely on 
empirical experiences in 1623. He described a method for removing salts from seawater. 
The idea that the sorbents can be employed in technical application for studying 
adsorption came at the end of 18'*' century (in 1790, Lowitz purified sugar beat juice by 
passing it through charcoal). As experimental information increased, De Saussure drew 
the first qualitative conclusions at the beginning of 19* century. The first half of the 19* 
century was characterized by the appearance of the first information leading to the 
discovery of the ion exchange principle, based primarily on the work of chemists 
studying soil chemistry. Gazzeri (1819) found that soil and, especially clay retain 
dissolved fertilizer particles. Sprengel (1826) stated that humus frees certain acids from 
soil. By middle of the 19* century, sufficient experimental information had been 
collected but formulated 'ion-exchange' principle was not recognized till Thomson (92) 
and Way (93) inl950 described independently that calcium and magnesium ions of 
certain types of soils could be exchanged for potassium and ammonium ions Eichhorn 
(94) demonstrated that exchange process is reversible in naturally occurring zeolites, 
having the structure of aluminosilicate. The aluminum based synthetic zeolite was first 
prepared in 1903 by Harm and Rumpler (95) to purify beet syrup. Gans (96) developed 
the basis for the synthesis and technical application of inorganic cation exchanger at the 
beginning of 20"' century. He termed the amorphous cation exchangers based on 
aluminosilicates, 'Permutites'. These amorphous aluminosilicate gels were actually the 
first commercially available ion exchangers. Nonetheless, in 1917, Folin and Bell 
developed an analytical methods based on these materials for the determination of 
ammonia in urine (97). However, their low chemical and mechanical stability led 
chemist to seek alternatives and the observation of Adam and Holms that the crushed 
phonograph records exhibit ion exchange properties, eventually resulted in the 
development of synthetic ion exchange resins (98). During the period between 1935 and 
1940, inorganic ion exchange sorbent were replaced in almost all fields by the new 
organic high molecular-weight ion exchangers The major disadvantage of ion exchange 
resins is that they were greatly degraded and lost their ion exchange properties at high 
temperatures, in presence of high ionizing radiation and in highly acid and oxidizing 
media. 
The revival studies of inorganic ion exchanger can be ascribed to many reasons. 
Prominent among these has been the discovery of novel synthetic zeolites because the ion 
exchange properties of these aluminosilicates are critical to their current economic 
importance as detergent builders, cracking catalysts, molecular sieves and their potential 
applications in waste-water treatment, agriculture, and horticulture. Finally, the advent of 
nuclear technology in the post world war II era initiated a search for highly selective ion 
exchangers that would be more stable to high temperatures, radiation fields, chemicals 
and of more convenient properties than commercial organic and natural inorganic (soils, 
clay minerals, etc) ion exchangers to treat nuclear wastes. 
Early attention was focused on hydrous oxide which led to the discovery of gel 
type phosphates, molybdates, tungstates and antimonates (99-102). Part of the impetus 
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for this effort resulted from the discovery that zirconium and titanium phosphate could be 
crystallized (103) The knowledge of the crystal structure gave a deeper understanding of 
the ion exchange process and their reversibility (104) as well as a solid basis for the 
interpretation of thermodynamic measurements (105, 106). The contributions from Kraus 
(107-109), Amphlet (110,111), Pekarek & Vesely (112-114), Clearfield (115,116), 
Alberti (117-119), Torracca (120-122) and Abe (123-125) in this field are noteworthy. A 
great deal of emphasis was placed on research on the elucidation of their structures and 
correlation with their physiochemical and ion exchange properties. In India, Qureshi and 
coworkers (126-128) prepared a large number of inorganic ion exchange materials and 
characterized in terms of structural configuration, heat treatment, distribution coefficients 
of ionic and nonionic species and extensively applied them to the separation studies. 
Synthetic inorganic ion exchangers may be classified into the following main 
groups 
Hydrous oxide: 
The term 'hydrous oxide' has been used in its widest sense to refer insoluble 
material with a metal oxide-water system. It shows excellent selectivity to certain 
elements or groups of elements mostly due to their amphoteric nature. Hydrous oxides of 
bivalent metals include hydroxides of Be^ ,^ Mg^ ,^ Zn^ *,and their mixtures with ferric 
hydroxides and hydrous alumina. Hydrous BeO of composition BeO. 17H2O acts both as 
cation and anion exchanger (129). The Mg(0H)2 exhibits anion exchange properties 
(130). However, the sorption of Zn^ ^ on it can be explained through co-precipitation 
rather than ion exchange (131). A mixture of Zn(0H)2 and A1(0H)3 (mixed hydrous 
oxide) has been successfully employed for '^S and '^P decontamination from waste 
solution (132). 
Pseudomorphic iron hydroxide and hydrous alumina are the most studied 
hydroxides of tervalent metals and show amphoteric nature with distinct isoelectric 
points. Thin layer chromatographic separations of metal ions have been widely studied on 
hydrous alumina (133). 
11 
Systematic studies have been made on the ion exchange properties of quadrivalent 
ion oxides such as SiOz, Sn02, Ti02. ThOz, ZrO: and MnOj. They behave either as cation 
exchangers in alkaline solution or anion exchangers in acidic solution, depending upon 
the basicity of the central atom and strength of the M-0 bond relative to that of the 0-H 
bond in the hydroxyl group. Chromatographic use of hydrous silica in the form of 
hydrogels and xerogels has been accepted universally. Among the hydrous oxides of 
pentavalent metals, antimonic acid has shown some variety of applications owing to its 
reasonable rate of adsorption and desorption when used in column operation (134). 
Acidic salts of polyvalent metals 
The ion exchange materials in this group form a large number of compounds. The 
important ion exchange materials in this group are metal (Zr, Th, Ti, Sn, Ce (IV), Al, Fe, 
Cr (HI), uranium (VI), etc.) phosphate, arsenate, molybdate, tungstate, antimonate, 
silicate, vanadate, oxalate, etc. Their structure, composition and exchange behaviour 
depends on the conditions under which they are precipitated. They possess a high 
chemical, temperature and radiation stability. Clearfield et.al carried out extensive 
studies of the phase conversions during ion exchange to elucidate the sorption mechanism 
on these materials and correlated the degree of crystallinity with the sorption properties. 
The sorption process on amorphous material is a ftmction of the loading. Most of the 
research carried out in this area has dealt with zirconium phosphate which exhibits a wide 
variety of structures (130, 135-137). It has found potential applications in ion exchange 
membranes, especially in hydrogen-oxygen fuel cells, electrodialysis (138-140) and 
artificial kidney machines to remove ammonium ion (141) apart fi^om its other well 
established applications in the nuclear field (142-144). 
Salts of heteropoly acids 
The parent acids of these salts are 12-heteropolyacids with general formula 
HmXYi204o nH20, where m=3, 4 or 5; X can be phosphorus, arsenic, silicon, germanium 
or boron; and Y, the one of the number of elements such as molybdenum, tungsten or 
vanadium. Smith and Robb (145,146) explored the ion exchange mechanism of this class. 
Molybdophosphate with strong base exchange properties constitute most widely studied 
group of heteropoly acids. Qureshi and Qureshi (147) have presented a review on the 
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application of these methods in radiochemical separations utilized in waste processing, 
fuel processing etc. 
Insoluble ferrocyanides 
These materials are produced by mixing metal salt solutions with H4[Fe(CN)6], 
Na4[Fe(CN)6] or K4[Fe(CN)6] solution They exhibit highly selective ion exchange 
properties, satisfactory chemical stability and have found use in technological practice. 
Cu and Co ferrocyanides have found to be radiation resistant. 
Aluminosilicates 
Ion exchange in aluminosilicate is a vast topic. They can be divided into three 
main groups, amorphous, two-dimensional layered aluminosilicates as synthetic analogue 
of clay minerals and three-dimensional structures (zeolite). The greatest attention has 
been paid to synthetic zeolites as their molecular and ion sieve properties are useful for 
analytical applications. The chemical composition of zeolites is often expressed by the 
formula Mx „ [(A102)x (Si02)y]2 H2O where M is a metal cation with valence n and y/x 
usually varies from 1 to 5. Zeolites and their sorption properties are characterized by the 
free diameter of their cages, windows, inner channels and unit cell compositions. 
Synthetic aluminosilicates can be approximately related to their naturally occurring 
analogues and can be classified in to the following groups: faujasite-, mordenite-, 
heulandite-, chabazite-, analcite-, phillipsite-like zeolites and other zeolites. 
Till date a large number of inorganic ion exchangers have been synthesized. 
Various synthetic inorganic ion exchangers, their composition and their ion exchange 
capacities are listed in table 1.1. 
The thermodynamic studies of ion exchange on synthetic inorganic ion exchangers 
have been of great interest because of their rigid structures, negligible swelling, 
differential selectivity and wide range of applications. Thermodynamics is the 
fundamental approach for describing equilibria and helps in evaluating the exchange 
process occurring on the surface of exchanger and to understand its theoretical behaviour. 
Two different approaches have been put forward for this purpose. The first approach is 
based on designing a elaborate model, which gives a semi-quantitative picture about 
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physical cause of ion exchange phenomena. However, the choice of model is crucial and 
insufficient towards rigorous treatment. In the second approach, attempts have been made 
to correlate the activities with some measurable quantities in the thermodynamic 
equations. The earliest approaches were based on semi-empirical equations to fit in 
experimental results. Probably, the first time, quantitative formation of ion exchange 
equilibria was made by Gane (235) using the mass action law in its simplest form without 
involving the concept of activity coefficients. This concept was fiirther accounted by 
Kielland (236) and finally, a suitable choice of general treatment was given by Gaines 
and Thomas (237). 
The particular use of thermodynamic equilibrium constant (Ka) is made to find 
out the free energy changes in the ion exchange processes. The ionic selectivity, 
governed by the lowering of fi"ee energy of the system is an important factor which gives 
the information about the preferential uptake of the counter ion by the ion exchanger. The 
enthalpy changes of the system may also be evaluated fi-om the Ka values at different 
temperatures. The enthalpy change is the property most directly related to the changes in 
the number and strength of the bonds in ion exchange reactions. The overall entropy will 
reflect the changes in randonmess in ion exchange of equally charged ions and the 
driving force being the tendency of the system to go to the most probable that is the most 
random state. 
In a series of papers, the effect of crystallinity on the thermodynamics of ion 
exchange of alkali metal ions /irt ions on a-zirconium phosphate was examined. Ion 
exchange isotherms and calorimetric heats of exchange were determined on samples 
varying from amorphous to highly crystalline (238-243). Thermodynamic quantities of 
ion exchange reactions of alkali metal ions (244) and some anions (245,246) have been 
determined by NancoUas ei. al.. Ion exchange equilibria of alkaline earth metal ion on 
different inorganic ion exchangers such as tantalum arsenate (247), iron (IE) antimonate 
(248), antimony (V) silicate (249,250), zirconium phosphosilicate (251,252) and alkali 
metal ions on iron(III) antimonate (253) and a-cerium phosphate (254). Other interesting 
thermodynamic studies relate to the adsorption of pesticide on inorganic ion exchanger. 
Varshney et. dl. have studied the adsorption of carbofuran on antimony(V)silicate (255) 
24 
and sand clay loam and silt loam soils (256). They calculated the thermodynamic 
parameters and found that adsorption is much higher on antimony (V) silicate. 
The use of various novel inorganic ion exchangers still commands attention and 
few have been commercialized, especially in HPLC (particle sizes). Among these 
described are titanium dioxide (257), titanium phosphate (258), stannic vanadoarsenate 
(259), zirconium oxide (260) etc. 
Variety of weak cation exchangers have been studied as membrane components 
for monovalent ion selective electrode (261). Lead ion selective electrodes have been 
developed by using antimonate in an araldite nmtrix (262) and cesium selective 
electrodes are developed using pressed disks of zeolite ion exchanger in an qK)xy based 
support (263,264). 
There is increasing interest in the preparation of new porous intercalates by 
incorporating ions or molecules into the layers of layered inorganic ion exchangers (265-
267). Layered phosphates of tetravalent metals such as a, y -zirconium and -titanium 
phosphates etc. because they have different formula and layer structure, have found wide 
use for the preparation of new pillared materials in which the pillars are first- and second 
transition metal complexes. Owing to the tetrahedral POH groups present within the 
layers, it shows high preferences for Bronsted bases such as aromatic diamines which is 
known to form very stable coordination compounds with first- and second-row transition-
metal ions (268). Some Pd^ -^ and Rh^ -^ diamine-(-zirconium pho^hate materials have 
been used as catalysts in the oxidative caibonylation of aniline (269) and C0->C02 
transformation (270). Recently, synthesis of nano crystalline microporus pillared 
zirconium phosphate-biphenylenebis (phosphonate) material has been reported (271) 
Open-framework metal phosphonates are of considerable interest due to their 
potential applications in the areas of sorption, ion exchange, catalysis and sensors (272-
275). Research in this area has focused on the synthesis and characterization of divalent 
(276-278), trivalent (279-281) and tetravalent (282-285) metal phosphates of the 
transition metals. With some exceptions, for example copper (286) and lanthanum (287), 
25 
the metal ion in these lamellar systems are octahedrally coordinated and the 
organophosphonate moieties are directed in to the interlayer space. A new series of 
layered indium phosphate, arsonate and phosphonate have been prepared in which the 
phosphonate and the arsonate compounds contain the ligand in both di-anion and mono-
anion forms (288). 
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Synthesis, ion exclianger properties and anaiyticai 
applications of a semi-crystalline ion excliange 
material: zirconium (IV) sulphosaiicylate 
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INTRODUCTION 
Exploration of inorganic ion-exchangers is always of interest because of their 
applications in diverse fields such as purification of nuclear reactor cooling water at high 
temperatures and pressures (1), development of ion selective electrodes (2), construction 
of ion exchange membranes and their applications to electrodialysis (3), extraction of 
uranium from sea water (4) and separation of metal ions (5) etc. Advancement in 
inorganic ion-exchangers is not only due to their high thermal stability and resistivity 
towards radiation but also for thin unusual selectivity for ionic species and their 
versatility in separation science (6,7). Inorganic ion-exchangers of two components, 
based on acidic salts of quadrivalent metals have been studied (8-14). It has been found 
that the metal incorporated with organic functional group often exhibit enhanced 
exchange capacity and increased selectivity. Some exchangers prepared by the 
incorporation of the zirconium with various organic counterparts such as oxalate (15), 
salicylophosphate (16), phthalophosphate (17), salicylate (18) have been studied to some 
extent for their ion-exchange properties It is therefore, worthwhile to synthesize Zr (IV) 
sulphosalicylate and to investigate its ion-exchange characteristic in a systematic manner. 
The exchanger has been synthesized and characterized on the basis of ion exchange 
capacity, pH-titration, chemical stability, chemical composition. X-ray diffraction, FTIR, 
DTA and TGA studies. The effect of drying at elevated temperatures on ion exchange 
capacity was investigated. The sorption studies of various metal ions have been studied in 
demineralized water (DMW), aqueous solution of ammonium chloride (NH4CI), 
dimethylsulphoxide (DMSO), DMSO-NH4CL and DMSO-HNOs.The analytical 
importance of this material has been demonstrated by achieving some binary separations 
of metal ions on its column. 
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EXPERIMENTAL 
Reagents 
The two main reagents were zirconium oxychloride octahydrate (Loba Chemie) 
and 5-sulphosalicyclic acid dihydrate (E Merck). All other chemicals used were of 
analytical reagent grade. 
Apparatus 
Electronics India -HIE digital pH meter and systronics spectrophotometer 105 
were used to measure pH and absorbance respectively. Powder X-ray diffraction 
(PXRD) pattern was recorded using a diffractometer PW1820 with Cu Ka radiation, 
Perkin-Eimer FTIR1730 spectrometer was used for recording FTIR spectra. DTA and 
TGA analysis were carred out with a general V2.2A DuPont 9900 thermal analyzer. 
Synthesis 
Samples of zirconium (IV) sulphosalicylate were synthesized by adding 0.05 M 
aqueous solution of sulphosalicylic acid (S.S.A) into 0.25 M aqueous solution of 
zirconium oxychloride under varying mixing ratio, pH and stirring as indicated in 
table2.1 at temperature 27±2 °C. The pH of the mixture was adjusted by adding either 
dilute hydrochloric acid (HCl) or sodium hydroxide (NaOH) solution. The precipitate so 
formed was allowed to settle overnight. The supernatant liquid was decanted and the 
precipitate was washed with 2 % hydrochloric acid to ensure removal of excess reagent 
and fihered under suction and finally dried in an oven at 50 ±2°C. The product was then 
treated with excess of 0.5 M hydrochloric acid for 24 hours to ensure compete conversion 
to H form. The excess of acid was removed by repeated washing with demineralized 
water (DMW). Finally the material was dried at 50± 2°C in an oven and used as such. 
Sample ZS? was chosen on the basis of greater chemical stability and higher ion-
exchange capacity for detailed study 
42 
Ion-exchange capacity 
,+ To determine the ion exchange capacity, 0.5g of the dry exchanger in H form 
packed in a column (35cm length, 0.5cm id.) with glass wool support. Metal nitrate 
solutions were used to elute the H' ions completely from the exchanger column at a flow 
rate of 8-10 drops /minute. The H* ions liberated were determined titrimetrically. The H' 
absorption capacities were determined in a reverse manner by taking the ion exchanger in 
different metal ion forms 
pH-titration 
.+ Top and Pepper's method (19) was used for pH-titration of the material in H 
form using 0.1 M solutions of NaCl-NaOH and KCl-KOH systems. 
Chemical stability 
The exchanger (0.5 g) in H form was equilibrated with 50 ml of desired solutions 
at 25±2"*C for 24 hours with occasional shaking. Zirconium and sulphosalicylic acid 
released in the solutions were determined spectrophotometrically using alizarin red-S 
(20) and ferric nitrate solution (21) respectively as chromogenic reagent. 
Chemical analysis 
The exchanger (0.5) in H form was dissolved in 4 ml of hot concentrated nitric 
acid and diluted to 50 ml with DNTW. Zirconium and sulphosalicylic acid released in the 
solutions were determined spectrophotometrically by standard methods (20,21). 
X-ray analysis 
Powder X-ray diffraction pattern was recorded for the sample ZS? and ZSg in H^ 
form. 
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FTIR spectrum 
FTIR spectrum of zirconium (1\') Sulphosalicylate in H form was performed 
using KBr disk method. 
Thermal analysis 
DTA and TGA studies of the exchanger in H form were carried out at a heating 
rate of 10 °C/minute in the air atmosphere. 
To study the effect of drying temperature on the exchange capacity, the material 
was heated at different temperatures in a muffle furnace for 1 hour. The result is 
summarized in table 2.4. 
Sorption studies 
The distribution coefficients (Kd) of metal ions on zirconium(IV)sulphosalicylate 
were determined by batch method in various solvent systems. The 0.4 g exchanger in H 
form was equilibrated with 0.05 mmole metal nitrate solution in an Erienmeyer flask with 
continuous shaking for 4 hours at 25± ° C. The amount of metal ion left in the solution 
was determined by titrating against standard di sodium salt of ethylene diamine tetra 
acetic acid (EDTA).The distribution coefficent were calculated using equation. 
mmoles of metal ions / g of exchanger , , , ^ K. = 2 »_(nil/g) 
°^ mmoles of metal ions / ml of solution 
Quantitative separation of metal ions 
Quantitative separation of some important metal ions of analitycal utility were 
achieved on the column (height 35 cm, i d 0.6 cm) containing 2.0 g zirconium (IV) 
sulphosalicylate in H^  form. The mixture metal ions was poured onto the column and 
44 
allowed to pass gently till the level was just above the surface of the material and 
subsequently washed with one bed volume of DNfW.The metal ions then eluted and 
collected at a flow rate of 1 ml/minute using suitable eluent. The metal ions in the effluent 
were determined titrimetrically (22) using standard disodium salt of EDTA. 
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RESULTS AND DISCUSSION 
From the data given in table 2.1 it can be inferred that the formation of zirconium 
(IV) sulphosalicylate is significantly affected pH of the mixture. It has been found that 
the most favorable pH of the mixture is 1.4. The preparation of the material at pH lower 
or higher than 1.4 leads to decrease in yield. The mixing ratio of the mixture is also 
critical. The increasing mixing volume ratio of zirconium to sulphosalicylic acid cause 
better yield of the product and an enhancement of the ion -exchange capacity. However, 
the stirring time and the refluxion of the bulk mixture neither improve the quantity nor 
the ion- exchange capacity. 
Data from table 2.2 reveal that ion exchange capacity for alkali metal ions 
increases from Li"^  to K^  due decrease in their hydrated ionic radii as expected while for 
alkaline earth metal ions, the sequence is reversed. Perhaps the factors other than ionic 
radius are responsible for this unusual uptake of ions. In order to check the reversibility 
of ion-exchange behavior of the material, H^ absorption and H* liberation capacities have 
been compared. It has been found that the values are in close agreement. The exchange 
mechanism may be represented as follows, 
RM + HNO3 = RH + MNO3 (Absorption of IT ions) 
RH + MNO3 = RM + HNO3 (Liberation of iT ions) 
Exchanger Solution Exchanger Solution 
phase phase phase phase 
where R represents the matrix to which the exchangeable ions are attached and M 
represents monovalent metal ion. 
The pH- titration studies (figure2.1) reveal a mono-functional weak acid 
behaviour of the material. The ion-exchange capacity as indicated by pH -titration curves 
for Na ' and K' at pH 6.5 were found to be 0.54 and 0.60 respectively which are in close 
agreement with column capacity data. 
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Table 2.2 Ion exchange capacity of zirconium (IV) sulphosalicylate for various 
cations at pH6,5 
Exchanging 
Metal ion 
Li •rrr 
Hydrated 
ionic radius 
10.0 
Ion exchange capacity 
H"^  liberation ft absorption 
05.9 0.55 
Na^ 
Mg 
Ca^ ^ 
2+ 
07.9 
05.3 
10.8 
09.6 
0.62 
0.63 
0.85 
0.81 
0.60 
0.64 
0.88 
0.82 
Sr 2+ 09.4 0.77 0.79 
Ba 2+ 08.8 0.75 0.72 
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12 0 
meq of OH ' added / 0.5 g exchanger 
Fig. 2.1 pH titration curves of zirconium (IV) sulphosalicylate 
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Table 2.3 Chemical stability of Zr (IV) Sulphosalicylate (tt form) in different 
solution 
Solution Zirconium 
released 
(mg/SO ml) 
Sulphosalicylic acid 
released 
(mg/50 ml) 
DMW 0.10 0.15 
0.5 M Hydrochloric acid 1.43 1.87 
1.0 M Nitric acid 2.28 2.05 
1.0 M Formic acid 1.40 4.58 
1.0 M Ammonium chloride 0.10 0.20 
10% Dimethylsulphoxide 0.36 0.87 
0.05 M Sodium hydroxide 3.26 7.95 
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Table 2.4 Effect of drying on ion exchange capacity and color of zirconium (IV) 
sulphosalicylate in H^ from. 
Heating temperature 
("C) 
"To 
100 
200 
300 
400 
500 
600 
700 
800 
900 
Ion exchange capacity 
(meq/g dry exchange for Mg^ )^ 
084 
0.84 
0.83 
0.82 
0.72 
0.70 
0.12 
0.10 
0.07 
0.05 
Colour of the 
exchanger 
White 
White 
Dirty white 
Brownish white 
Light brown 
Dark brown 
Dark grey 
Grey 
Light grey 
Light grey 
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It is apparent from table 2 3 that exchanger is quite stable in moderate 
concentration of HCl, HNO3, NH4CI and dimethylsulphoxide (DMSO). Therefore, it can 
be used successfully in column operation and other chromatographic methods. 
The X-ray powder diffraction pattern of the exchanger in H*-form (sample ZS?) 
clearly indicates the presence of broad peaks with d values 10.96A'', 2.54A° and 1.26A° at 
an angles 8.06°, 35.28° and 74.71° respectively which suggests a semi-crystalline nature 
of the material (figure 2.2). 
The FTIR spectrum of the exchanger in H^ form (figure 2.3) shows a broad but 
strong peak in the region 3500-3200 cm' and a sharp peak at 1650cm'' that represent O-
H stretching and H-O-H bending of lattice water molecules respectively (23). Peaks in 
the region 1650-1550 cm' and 1420- 1375 cm"' may be assigned to COO- group (24) and 
benzene ring respectively. Two sharp bands with shoulders at 1170 and 1038 cm"' are 
attributed to the SO3 asymmetric and symmetric stretching vibrations of sulphonic acid 
salt (25). A weak but sharp peak in the region 820-800cm'' indicates the presence of ZrO 
stretching vibration. A broad absorption in the region 720-600cm'' may be due to out of 
plane deformation of solid phase phenolic -OH group (26). 
The thermogram of the exchanger (fig. 2.4) shows continuous loss of mass (8.18 
%) up to 101.2° C, which is due to the removal of external water molecules. Further, a 
steady loss in mass is observed up to 462.3°C that corresponds to 30.39% of the total 
mass that may be attributed to the loss of structural water molecules. Lastly, an abrupt 
loss of mass in the region 462.3°C to 543.6°C caused by the structural transformation of 
the material. The weight becomes almost constant above 543.6''C owing to the formation 
of Zr02 as final product. These transformations have also been supported by differential 
thermal analysis (DTA) in the fig 2.5. The DTA curve indicates an exothermic peak with 
a maximum at 110°C that indicate the removal of external water molecules. Two 
exothermic peaks with maxima at 464.1°C and 523.8°C also confirm the loss of structural 
water molecules and structural transformations respectively. 
The ion exchange capacity data given in table 2.4 also justify the structural 
transformation as the exchange capacity of the material dried at temperatures above 
500°C decreases abruptly to 0.12 meq/g. 
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Table 2.5 Distribution coefficients of some metal ions on zirconium(IV) 
sulphosalicylate in Iffrom in different solvent systems. 
Metal ion 
Mg^^ 
Ca'^ 
Sr^ ^ 
Ba^^ 
Zn'" 
Al'* 
Fe^^ 
Co^* 
Zr^ ^ 
La^^ 
Th'*^  
Ag^ 
Bi'^ 
Pb'" 
Mn'" 
Hg^^ 
Cd'^ 
Cu'^ 
Ni^^ 
DMW 
150.0 
76.8 
38.8 
85.4 
142.5 
11.4 
25.0 
23.7 
962.5 
385.0 
257.0 
1325.0 
1087.0 
142.5 
8.3 
142.5 
34.7 
15.9 
9.3 
0.1 M 
NH4CI 
13.6 
20.0 
9.78 
26.3 
4.5 
9.3 
12.5 
7.6 
700.0 
120.4 
108.3 
-
500.0 
0 
1.1 
106.2 
16.7 
0 
0 
10% 
DMSO 
0 
10.2 
15.3 
33.3 
21.1 
38.2 
18.4 
17.8 
2675.0 
447.0 
123.0 
1431.0 
9.1 
21.3 
23.8 
1137.5 
87.0 
0 
67.9 
10% DMSO+ 
O.OIM HHO3 
(1:1) 
108.3 
6.5 
21.2 
9.0 
4.5 
14.6 
12.5 
50.0 
470.0 
500.0 
127.0 
1400.0 
8.0 
26.3 
13.8 
930.0 
1150.0 
2.1 
11.9 
10% DMSO+ 
O.IM NH4CI 
(1:1) 
0 
1.0 
0 
23.1 
0 
11.9 
1.1 
2.3 
9500.0 
195.0 
115.0 
-
340.0 
0 
1.1 
278.0 
0 
2.0 
0 
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Table 2.6 Quantitative separation of metal ions on zirconium (IV) sulphosalicylate in (T 
form column 
Separation 
achieved 
Mn'* 
Zv?' 
Mg^^ 
Cd'" 
Cu^^ 
Hg^* 
Pb'* 
Mn'" 
Hg^* 
Ni^* 
Amount 
loaded 
Oig) 
236 
274 
119 
382 
381 
842 
932 
236 
842 
281 
Amount 
Found 
(Ug) 
230 
268 
116 
382 
374 
822 
911 
225 
842 
275 
Recovery 
% 
97.45 
97.81 
97.47 
100.0 
98.16 
97.62 
97.74 
95.33 
100.0 
97.86 
Volume of 
duent 
(ml) 
70 
40 
40 
40 
50 
60 
40 
70 
50 
50 
Eluent 
used 
DMW 
O.IMNH4CI 
10% DMSO 
O.IMNH4CI 
O.IMNH4CI 
0.05 M HNO3 
O.IMNH4CI 
DMW 
0.05 M HNO3 
O.IMNH4CI 
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It has been found that the molar ratio of zirconium to sulfosalicylic acid is 1:1 . If 
it is assumed that the weight loss (8.18%) up to 101.2X is due to the removal of external 
water molecules, then the number of water molecules per molecules of the exchanger 
calculated from the equation given by Alberti (27) is 1.78. 
In order to explore the potentiality of the material in the separation of metal ions, 
sorption studies have been performed in five solvent systems. It is apparent (table 5) that 
Kd values vary with the composition and nature of the contacting solvent. The exchanger 
has a high affinity for Kg, Hg^* and Zr"*^  in all the solvent systems studied. The result 
aJso indicates the order of selectivity in the solvent systems studied as a quantitative 
ranking of affinity towards various metal ions. 
In order to demonstrate the separation capability of the material, a few binary 
separation of metal ions have been actually achieved. Only those separation have been 
tried which appear to be possible on the basis of Kd values. These separation can be 
utilized in the removal of particular metal ions which may interfere in the determination 
of certain other metal ions . For example copper should be removed prior to colorimetric 
determination of mercurry by dithizone (28). Nickel interferes in the spectrophotometric 
determination of mercurry (29). Interference of manganese is encoimtered in the micro 
determination of zinc by anthranilic acid (30) and lead by electrolytic method (31). 
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Thin layer chromatographic separation of pyrethroid 
insecticides on hydrous zirconium oxide iayers 
i 
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INTRODUCTION 
Inorganic ion-exchangers, because of their striking selectivities, have been 
extensively used for the separation of metal ions (1) and organic compound (2). Some 
general review of chromatographic analysis have been published recently (3-6) Only few 
attempts have been made for the thin layer chromatographic (TLC) analysis of pesticidal 
compounds on inorganic ion-exchangers (7). Synthetic pyrethroid insecticides are very 
effective pest control chemicals with low mammalian toxicity and therefore, being used 
commonly on a daily basis in Indian agriculture (8). Three major pyrethroid insecticides 
containing nitrile group cypermethrin, deltamethrin and fenvalerate have been found to 
be highly effective contact insecticides. Consequently, their characterization becomes 
necessary to ascertain the level of contamination. Several techniques such as gas 
chromatography with electron capture detector (9) and high performance liquid 
chromatography with radiometric detection (10) have been used for the analysis. The 
TLC separation of these insecticides on silica gel (11) and alumina G plates (12) have 
also been reported. Cobalt (II) acetate (13) and copper (II) acetate (14) in combination 
with other reagents have been used for the detection of pyrethroids containing nitrile 
group. However, the detection device used in these methods is complicated due to 
involvement of a number of reagents in subsequent steps. 
It is therefore, worthwhile to investigate the separation potentialities of inorganic 
ion-exchanger namely hydrous zirconium oxide (HZO) which is a polymoic-oxo-
hydroxide with a general formula [ZrOb (OH)4-2b.xH20]„ (15,16). The hydroxyl groups 
attached to the zirconium are of two types: bridging and non-bridging. The non-bridging 
hydroxyl groups lie on the surface of the crystallites. It is a porous ion-exchange material 
and used as adsorbent in thin layer chromatography. Active centers on the surface of 
HZO are hydroxyl groups and oxide ions. The species to be separated interact selectively 
at active centers on HZO resulting in chromatographic separations either on surface or 
near the surface within the pores. The forces responsible for surface interactions include 
hydrogen bonding, dipole-dipole and electrostatic interactions. 
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In this paper, we have described the chromatographic separation of pyrethroid 
insecticides (Cypermethrin, dehamethrin and fenvalerate) on hydrous zirconium 
oxide thin layers in selected solvent systems by simple detection device using iodine and 
o- tolidin reagent. 
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EXPERIMENTAL 
Apparatus 
Slurry applicator, magnetic stirrers with hot plate (Remi 2MLH), 20 x 18cm glass 
plates, development chambers were used. 
Materials 
Zirconium oxychloride octahydrated (Loba Chemie) cypermethrin (Cynamid 
India Limited), deltamethrin (AgrEvo, India), fenvalerate (Technical grade) and o-tolidin 
(E Merck, Germany) were used. All other reagents were of analytical grade. 
Synthesis of hydrous zirconium oxide (HZO) 
Ion exchange material HZO was prepared by the procedure as reported in the 
literature (18). Amorphous HZO was prepared by gradually adding 800 mJ of 1 M NaOH 
to 1000 ml of 0.5 M aqueous solution of ZrOCh with constant stirring at 40°C. The pH of 
5.4 was maintained .The precipitate so formed was allowed to settle overnight, filtered 
under suction and dried at 80±2°C. To get a crystalline form of HZO, a mixture of 200 g 
of amorphous HZO and 800 ml of 5.0 M NaOH was stirred until uniform and boiled for 
Ih. The solid was then filtered off, washed with demineralized water (DMW) until the pH 
of the washwater was approximately 12 and dried at 80±2X. The solid was broken down 
to small particles by immersing in DMW and washed again until the pH of the washwater 
was neutral. The product was finally dried at 80±2°C. 
Preparation of solutions 
The solutions of 1 mg /ml of each insecticide were prepared in acetone. The o-
tolidin reagent of 0.1 g was dissolved in 100 ml of 10% v/v acetic acid and used as 
chromogenic reagent. 
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Preparation of thin layer plates 
Inorganic ion-exchange material HZO was prepared by the procedure as reported 
in the literature (17). A mixture of finely powdered HZO and calcium sulphate in a ratio 
of 9:1 was shaken continuously for 10 min. with a small amount of double distilled water. 
Resultant slurry was applied on the surface of clean glass plates to prepare 0.25 mm thick 
uniform layers with the help of applicator. Coated plates were first air dried and activated 
by heating at 100 ± 2°C for 1 hour in an oven before use. 
Analytical procedure 
An aliquot of \0\i\ of each insecticide solution was spotted on glass plate with the 
help of micropipette. The spots were air dried and plates were developed with the 
appropriate solvent systems to a distance of 10 cm in a previously saturated TLC 
chamber. The plate was removed from the chamber, air dried and kept in a glass chamber 
containing iodine vapour for 1 min. After removal of the residual iodine vapour from the 
plate, dark blue spots of pyrethroids were visualized on white backgrotmd by spraying o-
tolidin reagent. 
Recovery experiment 
The lOg wheat grounded to a fine powder was spiked with 5 ml solution 
containing lOO g^ of each insecticide, mixed thoroughly and allowed to stand overnight. 
The material was then extracted twice with 40 ml petroleum ether (B.P. 40-60°C). 
Extraction was completed within 1 minute to prevent the interference due to the artifacts 
from wheat sample. The solvent was evaporated to 1 ml and 10 nl of this was spotted on 
TLC plate along with the standard insecticide to facilitate the exact position of each 
insecticide. The plate was developed with chosen solvent system. 
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RESULTS AND DISCUSSION 
A number of solvent systems were tried to ensure the maximum possibilities for 
separation on plates coated with HZO. It is observed from table 3.1 that cypermethrin, 
deltamethrin and fenvalerate could be identified and separated. 
The comparison of data presented in tables 3.1 and 3. 2 shows that the pattern of 
Rf values on HZO in some solvent systems are different from that obtained on HZO 
layers impregnated with 0.01 M zinc nitrate. The mobility of all the insecticides on the 
layer impregnated with zinc nitrate is decreased. This may be attributed to the interaction 
of - CN group of the compound with Zn^ * ion. 
The effect of addition of formic acid to the methyl acetate or ethyl acetate solvent 
on the mobility of insecticides has been studied. The results are shown in tables 3.3 and 
3.4. It has been found that even a slight addition of formic acid remarkedly increases the 
movement of all the insecticides studied. However, further addition of formic acid caused 
a reverse effect and a continuous decrease in the movement. It was noted that the 
decrease in movement is more prominent in the case of fenvalerate from 0.90 to 0.30 in 
methyl acetate and 0.99 to 0.33 in ethyl acetate, as compared to cypermethrin and 
deltamethrin. The sharp changes are reflected at composition (70:30) for methyl acetate 
and (80:20) for ethyl acetate. Therefore, the solvent systems with these compositions 
have been best utilized for separation of the insecticides. 
The chromatographic behaviour of insecticides in binary solvent systems has also 
been studied to determine the effect of relatively polar solvent. The results are presented 
in table 3.5. It is interesting to note that all the three insectisides are strongly retained and 
do not move at all on HZO layers in pure non polar solvents (table 3.1). However, the 
data in table 3.5 indicates that there is a significant increase in the Rf values observed 
with the increase in the polar solvents content in the mixture of polar -non polar binary 
solvent systems. The retention behavior may be explained by the plots of I^i against 
logC (% v/v), where C denotes the concentration of the relatively polar solvent of the 
mobile phase (figures 3.1-3.5). The RM values were calculated using the equation: 
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Table 3.1 Rf values of insecticides on HZO layers 
Solvent systems 
Methanol^ 
Ethanol 
Butanol 
Propane-2-ol 
Acetonitrile 
Acetone 
Methyl acetate 
Chloroform 
Ethyl acetate 
1,4-Dioxane 
Dichloromethane 
Benzene 
Hexane 
Cyclohexane 
Chlorobenzene 
Carbon tetrachloride 
Diethyl ether 
' Tailed spot 
Cypermethrin 
0.75 
0.80 
0.74 
0.71 
0.94 
0.95 
0.00 
0.00 
0.15 
0.95 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Rf values 
Deltamethrin 
0.75 
0.85 
0.76 
0.73 
0.95 
0.98 
0.00 
0.00 
0.25 
0.96 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
Fenvalerate 
0.70 
0.80 
0.71 
0.70 
0.90 
0.95 
0.00 
0.00 
0.00 
0.91 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
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Table 3.2 Rf values of insecticides on the layers of HZO impregnated with 0.01 M 
zinc nitrate. 
Solvent systems 
Rf values 
Cypermethrin Deltamethrin Fenvalerate 
Methanol 0.66 0.70 0.66 
Ethanol 0.75 0.78 0.73 
Propane-2-ol 
Acetone 
Acetonitrile 
1,4-Dioxane 
Ethyl acetate 
Methyl acetate 
Cyclohexane 
Carbontetrachloride 
0.59 
0.07 
0.10 
0.85 
0.00 
0.00 
0.00 
0.00 
0.59 
0.10 
0.15 
0.87 
0.00 
0.00 
0.00 
0.00 
0.55 
0.05 
0.05 
0.85 
0.00 
0.00 
0.00 
0.00 
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Table 3.3 Rf values of insecticides in the methyl acetate - formic acid solvent system 
on HZO layers. 
Mixing ratio of 
solvents (V + V) Cypermethrin 
Rf values 
Deltamethrin Fenvalerate 
95:05 
90: 10 
0.95 
0.90 
0.95 
0.93 
0.99 
0.84 
85 : 15 
80:20 
75:25 
70:30 
0.87 
0.84 
0.81 
0.60 
0.90 
0.88 
0.85 
0.76 
0.80 
0.76 
0.70 
0.30 
Table 3.4 Rf values of insecticides in the ethyl acetate - formic acid solvent system 
on HZO layers. 
Mixing 
solvents 
95:05 
90: 10 
85: 15 
80:20 
75:25 
70:30 
ratio of 
(V+V) Cypermethrin 
0.99 
0.95 
0.92 
0.76 
0.69 
0.64 
Rf values 
Deltamethrin 
0.99 
0.99 
0.97 
0.88 
0.84 
0.80 
Fenvalerate 
0.99 
0.90 
0.80 
0.45 
0.39 
0.33 
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RM = log(l-Rf)/Rf. (1) 
The adsorption of the test compounds from the solution, resulting from the 
competition between solute and solvent molecules on the active centers of a polar 
adsorbent can be expressed by the equation (18). 
RM = constant - m log Xs. (2) 
where Xs is the mole fraction of the modifier in the binary solvent mixture. This can be 
replaced by volume fraction or concentration in % v/v (19). The slope 'm' of the plot of 
RM against log C indicates the average number of polar groups of a solute responsible for 
adsorption. Figures 3.1-3.5 show the plot of RM against the log C (% v/v of relatively 
more polar solvent). The slopes of the linear portion of the curves in all the cases were 
found to be less than unity. It is therefore, suggested that the interaction is not of 1:1 
combination. The molecular interaction involved in the adsorption seems to be of 
hydrogen-bond type. 
The schematic diagram of the interactions may be represented as 
z -z - s-s 
\ / 
OH 
where Z is the solute, S the solvent and - OH the active site on the surface of the 
adsorbent. 
Considering these factors and by a judicious choice of developers, a number of 
useful separations have been achieved and the results are reported in Table 3.6. 
The proposed TLC method has also been applied for detection and separation of 
these insecticides surface residues in wheat. Fenvalerate has been separated from 
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Table 3.5 Effect of polar solvent on the movement of insecticides in various polar-
non polar binary solvents on HZO layers. 
Solvent systems Mixing 
ratio 
Rr Values 
Cypermethrin Deltamethrin Fenvalerate 
Acetone: cyclohexane 
Acetone: methylacetate 
Ethanol: hexane 
1,4-Dioxane: hexane 
Propanol: ethylacetate 
10:90 
30:70 
40:60 
50:50 
60:40 
70:30 
90:10 
10:90 
30:70 
40:60 
50:50 
60:40 
70:30 
90:10 
10:90 
30:70 
40:60 
50:50 
60:40 
70:30 
90:10 
10:90 
30:70 
40:60 
50:50 
60:40 
70:30 
90:10 
10:90 
30:70 
40:60 
50:50 
60:40 
70:30 
90:10 
0.00 
0.00 
0.05 
0.35 
0.64 
0.80 
0.87 
0.00 
0.05 
0.20 
0.45 
0.70 
0.82 
0.92 
0.00 
0.15 
0.30 
0.55 
0.70 
0.77 
0.80 
0.00 
0.13 
0.20 
0.41 
0.71 
0.82 
0.90 
0.20 
0.40 
0.44 
0.50 
0.53 
0.60 
0.67 
0.00 
0.00 
0.10 
0.45 
0.69 
0.82 
0.90 
0.00 
0.09 
0.25 
0.54 
0.75 
0.88 
0.95 
0.00 
0.18 
0.40 
0.68 
0.75 
0.80 
0.83 
0.00 
0.20 
0.28 
0.55 
0.80 
0.89 
0.95 
0.26 
0.47 
0.50 
0.54 
0.58 
0.63 
0.70 
0.00 
0.00 
0.00 
0.25 
0.48 
0.75 
0.85 
0.00 
0.00 
0.05 
0.18 
0.65 
0.79 
0.90 
0.00 
0.10 
0.25 
0.42 
0.65 
0.73 
0.75 
0.00 
0.10 
0.15 
0.40 
0.50 
0.75 
0.88 
0.15 
0.35 
0.40 
0.45 
0.47 
0.54 
0.64 
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74 
1.04 
o Fenvalerate 
• Cypermethrin 
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Table 3.6 Binary separations achieved experimentally on HZO layers with different 
solvent systems. 
Solvent system 1 
Acetone-cyclohexane 
(60 :40) 
Acetone-methyl acetate 
(50 : 50) 
1,4-Dioxane-hexane 
(60 :40) 
Ethanol-hexane 
(50:50) 
Methyl acetate-formic acid 
(80:20) 
Ethyl acetate - formic acid 
(80 :20) 
Ethyl acetate-formic acid 
(75 :25) 
Ethyl acetate-formic acid 
(70:30) 
Insecticides separated * 
Deltamethrin (0.65) Fenvalerate (0.41) 
Dehamethrin (0.50), Fenvalerate (0.08) 
Cypermethrin (0.41), Fenvalerate (0.10) 
Deltamethrin (0.75), Fenvalerate (0.47) 
Deltamethrin (0.60), Fenvalerate (0.40) 
Deltamethrin (0.70), Fenvalerate (0.28) 
Cypermethrin (0.58), Foivalerate (0.26) 
Deltamethrin (0.85), Fenvalerate (0.41) 
Cypermethrin (0.73), Fenvalerate (0.41) 
Deltamethrin (0.82), Fenvalerate (0.35) 
Cypermethrin (0.65), Fenvalerate (0.32) 
Deltamethrin (0.76), Fenvalerate (0.28) 
Cypermethrin (0.60), Fenvalerate (0.30) 
* I^ values are indicated in parenthesis 
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cypermethrin and deltamethrin using ethanol-hexane (50:50), acetone-cyclohexane 
(60:40) and ethyl acetate-formic acid (80:20) solvent systems. Insecticides at l|ig level in 
lOg-wheat residue sample can be detected by this technique. 
Ace. No ) 
J,£l 
*!j''^''i-;itr.ii^'•'•>•' 
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Ion-exchange equilibria of transition metals and 
potassium ions on inorganic ion exchanger: 
Zirconium (IV) iodo phosphate 
•m^^-m^ 
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INTRODUCTION 
The ion exchange equiUbrium studies on synthetic inorganic ion exchango-s are 
essential in order to understand the mechanism of ion exchange in a better way and to 
explore their separation potentialities fiilly. The thermo dynamical studies on inorganic 
ion-exchangers have not received much attention. The thermodynamics of ion-exchange 
on these materials is considerably simplified as compared to ion-exchange resins, owing 
to their rigid structures, low tendency of swelling and relatively small variation in water 
content between different cationic form of the inorganic ion exchangers. Larsen and 
Vissars initiated the ion exchange equilibrium studies on such materials on zirconium 
phosphate (1). Since then several studies on ion exchange equilibrium has been 
performed by several workers (2-4). Recently the ion exchange equilibrium of Mn , 
Co^*, Ni^ *, Cu^ * and Cd^ /^lT systems has been studied at different temperatures on 
crystalline antimonic (V) acid and appropriate thermodynamic data were evaluated (5-6). 
Dyer has studied the ion exchange of radioisotopes ^'Sr and *'^ Cs onto various ionic 
forms of amorphous zirconium phosphate. Ion exchange selectivities have been 
compared to those on similar materials in the past work (7). A new approach has been 
described for the kinetics of ion exchange on inorganic ion-exchangers with limiting 
stage being the cation diffusion through the layers formed by reaction products and the 
reaction was established to study the thermodynamics of the alkali metal ion exchange on 
titanium hydrogen phosphate (8). The alkaline earth metal ions/FT equilibrium were 
studied on tin (IV) antimonate at different temperatures (9). Tanaka has studied the ion-
exchange equilibrium of the alkali metal ions and protons of manganese dioxide 
thermodynamically and the exchange behavior on the basis of calculated AG° and AS° 
values (10,11). 
The present work describes the ion exchange equilibria of bivalent transition 
metal ions Co^", Zn "^, Cd^ ^ and Cu^ /^K^ on zirconium(IV)iodo phosphate (12) at constant 
ionic strength in the temperature range from 30-60°C. The selectivity coefficients, 
thermodynamic equilibrium constants and values of AG°,AH''and AS" have been derived 
for the ion exchange systems. 
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EXPERIMENTAL 
Materials 
Zirconium (IV) oxychloride octahydrate (Loba Chemie, India), potassium iodate 
(E. Merck, Germany) and potassium dihydrogen phosphate (E. Merck, Germany) were 
used. All other chemical were of analytical grade. The zirconium (IV) iodo phosphate 
(ZIP) was synthesized in our laboratory as reported earlier (10). 
Apparatus 
Temperature controlled shaker, magnetic stirrer (Remi, India), digital pH meter 
(Electronics, India) and a temperature-controlled oven. 
Synthesis 
The zirconium (IV) iodo phosphate was synthesized by addmg zirconium (IV) 
oxychloride (0.1 M) gradually into potassium iodate and dihydrogen orthophosphate 
solution (0.1 M) in the ratio of 1:1.2 and shaking the mixtures intermittently keeping the 
pH 1.0 throughout the mixing. The gelatinous precipitate so formed was agitated at 80°C 
for 8 hr using a magnetic stirrer. The supernatant liquid was removed and washed with 
demineralized water and filtered under suction. The product was completely dried at 40 ± 
2°C in an oven and subsequently treated with demineralized water in order to get the 
material in granular form. To convert the material in K^ form it was kept 24hr in KNO3 
(1.0 M) solution. Excess KNO3 solution was removed by washing with demineralized 
water and finally dried in an oven at 40 ± 2°C. 
Determination of maximum uptake of transition metal ions on ZIP 
The ZIP (0.5 g) in K^  form was shaken continuously with 20 nil of 1.0 M of 
concerned metal nitrate solution for 8 h at particular temperature to ensure the complete 
conversion into the desired metal ion form. In the reverse exchange process 0.5g ZIP in 
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respective metal ion form was equilibrated with 20 ml of 1.0 M KNO3 for 8 h. The metal 
ion released in the solution was determined by complexometric titration with standard 
disodium salt of ethylenediamine tetra acetic acid solution. 
Ion-exchange isotherms 
In the forward reactions, the ZIP (0.4g) in K^ form was treated with 40 ml 
solution containing varying ratio of transition metal nitrate/potassium nitrate solution 
having a constant ionic strength of 0.01 and shaken for 8 h at different temperatures 30 ± 
1,40 ± 1, 50±1 and 60±1°C. In the reverse reactions ZIP (0.4g) in the respective metal ion 
form was shaken with 40 ml mixed solution of varying ratio of potassium nitrate/metal 
nitrate solution at an ionic strength of 0.01. 
Theoretical aspect 
The ion-exchange reactions of bivalent transition metal ions/K* exchange systems 
on ZIP can be represented by the following 
+ 2+ ~ 2+ + - . -
K +M =M +2K (1) 
where bar refers to ZIP exchanger phase and M *^ is bivalent metal ions. 
The corrected selectivity coefficient, Kc of the above reaction can be calculated 
from the relationship (13) and defined as 
1^  _ XM .X K*yK^ ^2) 
X K \ X M ^ > M ^ ^ 
where XM * and XK* are the equivalent fraction of exchanging metal ion and potassium 
ion in ZIP exchanger phase, Xt/^ and XK* are the mole fraction of metal ion and 
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potassium ion in the solution phases and yM *^ and yK"^  are the activity coefficients of 
metal ion and potassium ion in the solution phase respectively. 
The values of the activity coefficient, yi in solution were calculated using 
Debye-Huckel equation which follows as 
iogri = -——7= 
l + Bai^/y 
where A and B are constants, ai is the ion size parameter, \i is the ionic strength and Zj is 
the charge of the metal ion. The values of A and B at the appropriate temperatures were 
taken from table given by Manov et.al. (14) and the ion size parameter from that given by 
Preiser and Fernando (15). 
The thermodynamic equilibrium constant, K, can be calculated using the 
simplified treatment of the expression given by Gaines and Thomas (16). 
InK. =(z^, -Z,,^^)+JlnK,dXM'^ (4) 
0 
The values of Ka were calculated with the help of plots of In Kc vs XM^* 
The standard free energy of exchange, AG was calculated using the equation. 
RT 
A G ° = - - — ^ I n K . (5) 
where R is the gas constant (JK'mol"') and ZM^^ and ZR"" are the valencies of competing 
ionic species of metal ions and potassium ion and T is the absolute temperature. 
The standard enthalpy change, AH° has been calculated from the plot of InK, vs T^ 
The standard entropy change, AS^was calculated using the equation 
AS° = ^ ° - ^ ° ° (6) 
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RESULTS AND DISCUSSION 
The maximum uptake of metal ions on inorganic ion exchangers have been 
known to vary extensively with the nature of metal ions, temperature and the 
concentration of metal ions in solution. The maximum uptake of Co^^, Zn^ "^ , Cd^^ and 
Cu^* at 30, 40, 50 and 60°C are given in the table 4.1. The maximum uptake increases in 
the order Co^^ < Zn^^ < Cd^* < Cu^^ 
Table 4.1 Maximum uptake of transition metal ions at different temperatures on ZIP. 
Metal Ions EfTective ionic radii Temperature Maximum uptake 
(A") (C») (meq. g*) 
Co^* 0.74 
Zn^ * 0.74 
j2+ Cd'" 0.97 
.2+ Cu'" 0.73 
30 ± 1 
40 ±1 
50 ± 1 
60+1 
30+1 
40 ±1 
50 + 1 
60 ± 1 
30 ±1 
40 ±1 
50 ±1 
60+1 
30+1 
40 ±1 
50 ± 1 
60 ±1 
0.11 
0.12 
0.14 
0.15 
0.13 
0.15 
0.18 
0.19 
0.14 
0.16 
0.19 
0.20 
0.19 
0.20 
0.23 
0.24 
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forward 
backward 
forward 
forward 
forward 
0.0 0.2 O.A 0.6 0-8 1.0 
Equivalent fraction of Co** in solution (Xco^*) 
Fig. 4.1 Ion exchange isotherms of Co'^ /K* on ZIP at different temperatures 
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O 30" C forward 
• 30" C backward 
X 40" C forward 
© 50" C forward 
A 60" C forward 
0.0 0.2 O.A 0.6 0.8 10 
Equivalent fraction of Zn^ i^n solution (X zn^ )^ 
Fig. 4.2 Ion exchange isotherms of Zn /K* on ZIP at different temperatures 
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O 30" C forward 
• 30" C backward 
X 40" C forward 
© so" C forward 
A 60" C forward 
± 
0-0 0.2 0.« 0 6 0.8 10 
Equivalent fraction of Cd^ '^ in solution (Xa^*) 
Fig. 4.3 Ion exchange isotherms of Cd^ */K* on ZIP at different temperatures 
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O 30° C forward 
• 30° C backward 
X 40° C forward 
O 50° C forward 
A 60° C forward 
0.4 0.6 0.8 1.0 
Equivalent fraction of Cu^ '^ in solution (Xcu^^) 
Fig. 4.4 Ion exchange isotherms of Cu'^ /K*^  on ZIP at different temperatures 
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100 
8.0 O 30" C fofM ard 
X 40" C forn ard 
O 50" C forward 
4 60® C forward 
Fig. 4.5 Log of selectivity coefficients of Co'^ /K"*" exchange Vs equivalent 
fraction of Co'* in exchanger phase 
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Zo 
Fig. 4.6 Log of selectivity coefficients of Zn^ */K*" exchange Vs equivalent 
fraction of Zn** in exchanger phase 
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10.0 
Fig. 4.7 Log of selectivity coefficients of Cd'*/K* exchange Vs equivalent 
fraction of Cd** in exchanger phase 
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100 h 
u 
Ui 
Fig. 4.8 Log of selectivity coefficients of Cu^ T^C* exchange Vs equivalent 
fraction of Cu^ i^n exchanger phase 
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Table 4.2 Equivalent fractions of Co^~, selectivity coefficients and thermodynamic 
parameters for Co^ */K^ exchange on ZIP at various temperature and constant ionic strength 
Temperature XM^* XM'^ K^^ KI AG° S ° AB° 
X KJequiv' KJ equiv' KJ equiv 
J -1 
i " 
deg;: 
30±1 0.530 0.329 4.11 1.83 -0.76 -0.19 
40±1 0.590 0.274 8.03 3.97 -1.80 -0.18 
0.114 
0.303 
0.407 
0.663 
0.852 
0.966 
0.148 
0.365 
0.477 
0.712 
0.885 
0.972 
0.159 
0.389 
0.507 
0.625 
0.750 
0.895 
0.972 
0.215 
0.457 
0.551 
0.672 
0.833 
0.934 
0.981 
0.074 
0.133 
0.226 
0.430 
0.539 
0.604 
0.061 
0.106 
0.186 
0.381 
0.493 
0.561 
0.045 
0.067 
0.136 
0.219 
0.306 
0.389 
0.561 
0.019 
0.033 
0.104 
0.180 
0.253 
0.361 
0.434 
2.14 
4.43 
3.92 
5.19 
14.30 
142.59 
3.68 
8.33 
•7.49 
10.11 
30.88 
278.38 
5.46 
15.72 
13.09 
13.56 
18.90 
87.53 
514.91 
20.66 
47.42 
23.06 
24.61 
62.18 
192.29 
1253.88 
-58.52 
50±1 .  0.219 13.56 6.79 -2.57 -0.17 
60±1 .  .  .  14.48 -3.70 -0.16 
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Table 4.3 Equivalent fractions of Zn^\ selectivity coefficients and thermodynamic 
parameters for Zn^*/K*exchange on ZIP at various temperature and constant ionic strength 
Temperature 
CO 
30±] 
40±1 
50±1 
60±1 
XM 
0.213 
0.358 
0.488 
0.633 
0.762 
0.877 
0.960 
0.208 
0.384 
0.527 
0.664 
0.794 
0.898 
0.976 
0.196 
0.377 
0.516 
0.652 
0.777 
0.897 
0.978 
0.203 
0.385 
0.536 
0.661 
0.813 
0.927 
0.984 
XM 
0.032 
0.092 
0.165 
0.241 
0.340 
0.446 
0.515 
0.021 
0.064 
0.115 
0.181 
0.260 
0.364 
0.425 
0.011 
0.032 
0.079 
0.125 
0.190 
0.268 
0.313 
0.006 
0.017 
0.047 
0.097 
0.150 
0.216 
0.280 
Kc 
12.18 
9.36 
9.39 
12.94 
18.73 
34.26 
177.68 
18.17 
16.12 
17.98 . 
23.10 
38.36 
77.48 
842.19 
30.51 
31.79 
25.41 
33.45 
49.40 
129.02 
1900.74 
47.47 
67.36 
48.91 
46.76 
98.99 
365.04 
4628.55 
K. 
6.15 
11.20 
17.05 
31.22 
KJ equiv"' 
-2.29 
-3.14 
-3.81 
-4.76 
AS° 
KJ equiv'' 
-0.15 
-0.14 
-0.13 
-0.13 
AH" 
KJequiv"' 
deg-^ 
-47.31 
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Table 4.4 Equivalent fractions of Cd^\ selectivity coefficients and thermodynamic 
parameters for Cd^ /^K^  exchange on ZIP at various temperature and constant ionic strength 
Temperature 
(°C) 
30+1 
40±1 
50±1 
60±1 
XM 
0.222 
0.392 
0.523 
0.632 
0.770 
0.884 
0.988 
0.213 
0.380 
0.515 
0.638 
0.773 
0.889 
0.966 
0.189 
0.370 
0.534 
0.620 
0.793 
0.903 
0.977 
0.195 
0.375 
0.535 
0.650 
0.800 
0.910 
0.985 
XM 
0.025 
0.075 
0.141 
0.228 
0.318 
0.425 
0.478 
0.018 
0.053 
0.118-
0.191 
0.267 
0.364 
0.425 
0.105 
0.027 
0.056 
0.131 
0.163 
0.243 
0.291 
0.005 
0.014 
0.033 
0.094 
0.133 
0.207 
0.253 
Kc 
17.12 
14.44 
13.87 
13.75 
22.15 
43.38 
253.92 
23.10 
19.14 
16.43 
18.03 
29.61 
64.72 
414.88 
30.88 
36.82 
43.99 
24.80 
71.38 
170.37 
1978.31 
76.10 
93.13 
89.12 
100.18 
222.96 
853.21 
5244.84 
K. 
7.94 
11.30 
20.93 
36.31 
AG" 
KJ equiv'' 
-2.61 
-3.16 
-4.08 
-4.97 
AS° 
KJ equiv"' 
-0.14 
-0.13 
-0.13 
-0.12 
AH° 
KJ equiv' 
deg-^  
-45.08 
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Table 4.5 Equivalent fractions of Cu^*, selectivity coefficients and thermodynamic 
parameters for Cu^ */K^ exchange on ZIP at various temperature and constant ionic strength 
Temperature x l?~"xi7^ K^  K. AG° AS° AH° 
(°C) KJequiv' Kjequiv' KJ equiv' 
_desi 
30±1 
40±1 
50±1 
60+1 
0.178 
0.350 
0.519 
0.598 
0.715 
0.847 
0.922 
0.180 
0.362 
0.510 
0.630 
0.755 
0.870 
0.950 
0.171 
0.338 
0.496 
0.643 
0.801 
0.924 
0.977 
0.165 
0.333 
0.486 
0.644 
0.794 
0.929 
0.984 
0.018 
0.034 
0.065 
0.156 
0.216 
0.286 
0.336 
0.011 
0.021 
0.045 
0.100 
0.163 
0.236 
0.276 
0.003 
0.010 
0.021 
0.045 
0.067 
0.107 
0.157 
0.002 
0.003 
0.012 
0.023 
0.040 
0.071 
0.116 
17.67 
26.13 
33.08 
19.13 
23.76 
50.40 
127.61 
27.22 
44.61 
45.97 
36.89 
49.06 
109.62 
456.69 
75.19 
93.13 
89.12 
100.18 
222.96 
853.21 
5244.84 
142.88 
225.43 
156.65 
198.34 
354.60 
1571.84 
15994.50 
10.77 
19.89 
56.26 
101.7 
0 
-2.99 -0.20 
-3.89 -0.19 
-62.09 
-5.41 -0.18 
-6.40 -0.17 
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The equilibrium was obtained for the forward and backward ion-exchange reactions 
within 8 h of shaking. The ion-exchange isotherms for the systems Co^*/iC, Zn^ */K*, 
Cd^ /^K^ and Cu^^fK* in the temperature range 30 to 60°C were shown in figures 4.1-4.4. 
An examination of these isotherms shows that for exchange carried out at constant ionic 
strength, all exchange isotherms are above the diagonal indicating that Co^^ , Zn^ "^ , Cd^ * 
and Cu^ "^  ions are preferred to K"^  by ZIP. It is also observed that affinity for these metal 
ions increases with the increase in temperature. The isotherms for the reverse exchange 
were carried out only at 30±1°C and can be plotted on the curves for the isotherms for the 
forward exchange 
The selectivity coefficient (IQ) values for Coi^^, Zr?^, Cd^ * and Cu^ "^  ion exchange 
-*- ^~' '54-
with K form of ZIP were calculated from equation (2) and plotted as In Kc vs XM 
(figures 4.5-4.8). It is apparent from these plots that value of Kc varies with the 
equivalent fractions of ingoing metal ions in the exchanger, XM^* phase and therefore, 
thermodynamic equilibrium constant, Ka may be evaluated from these plots. 
The Ka values are given in tables 4.2-4.5. It has been found that the selectivity 
increases with the increase in temperature from 30 to 60°C and thermodynamic 
selectivity series was observed to follow the sequence Cu^ * > Cd^ "" > Zn^ * > Co^ * which 
was parallel to the maximum uptake 
The calculated standard free energy change, AG° values for the exchange process 
are presented in tables 4.2-4.5. It shows that free energy change is negative over all the 
temperatures studied in the range 30 to 60''C indicating that the exchange process has a 
natural tendency to proceed spontaneously. 
The standard enthalpy change, AH" and standard entropy change, AS° are reported 
in table 4.2-4.5. The decrease in entropy suggests that the greater order is produced in 
forward reaction when transition metal ion is introduced into the exchange site of ZIP. 
This happens only because of difference in solvation entropy of K"" and transition metal 
ions (17). 
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Synthesis, characterization and application of 
a derlvatized acidic salt of tetravalent metal: pyridine 
anchored onto tin (IV) tungstoselenate 
i f •» 
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INTRODUCTION 
Among the various inorganic ion exchange materials of current importance, 
insoluble acidic salts of tetravalent metals (Zr, Ti, Sn) occupies a pivotal position. There 
is increasing interest in the improvement of ion exchange capacities and molecular 
specificities with higher selectivities towards various metal ions of this kind of materials. 
This can be achieved by the derivatization of ion exchange material with organic moieties 
bearing inorganic groups such -OH, -COOH, -SO3H, H2NR, HNR2 etc. which also act as 
an ion exchanger. These compounds are known as inorgano-organic ion exchangers or 
derivatized tetravalent metal acid salts (1-4). Interest in these materials stems from the 
fact that the inorganic matrix provides a stable and relatively inert anchor for the organic 
moiety. It will have advantages of both the counterparts in terms of thermal and chemical 
stability, ion exchange capacity and selectivity for certain metal ions. In layered materials 
the organic molecules are incorporated within the layers by increasing the inter layer 
distance so that large complexes could be exchanged whereas in non-layered materials 
the organic moieties get anchored, sorbed on the surface or get encapsulated within the 
pores of matrix. Intercalated materials prove to be vary useful in pillaring reaction (5-7), 
modification of the host's optical properties, superconducting critical temperature, inter 
layer magnetic coupling and material design (8-10). Some recent and very interesting 
applications involve the use of these materials to modify electrode surfaces, in the 
preparation of low-dimensional conducting polymers and to assemble molecular multi-
layers at solid/liquid interfaces (11). A variety of non-bridged organic derivatives of 
tetravalent metals having general composition Zr(03PC5H4S03H)x (HP03)2.x have been 
reported (12). Zirconium phosphate is the most explored in organic molecule 
intercalation processes and various features of intercalation of n-alkyl mono-(13-15) di-
(11,16) and aromatic (17,18) amines have been studied. The y-titanium phosphate (19), 
a-titanium hydrogen phosphate (20) and titanium arsenate (21) have been selected for 
intercalation of amines. Recently o-chlorophenol has been anchored onto amorphous 
zirconium tungstate (22). 
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The present work has undertaken to study the derivatization of ion exchange 
material tin (IV) tungstoselenate by pyridine. The inorgo-organic material has been 
characterized in terms of SEM, FTIR, DTA and TGA. The utility has been explored by 
studying the uptake of some transition metal ions on this material. 
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EXPERIMENTAL 
Materials 
Tin (IV) chloride pentahydrate (Baker analyzed, USA), sodium selenite (BDH), 
sodium tungstate dihydrate (BDH) and pyridine (E.Merck) and all other chemicals were 
of analytical reagent grade. Demineralized water (DMW) was used throughout the 
experiment. 
Synthesis of tin (IV) tungstoselenate (TTS) 
The ion exchange material TTS was synthesized as described previously (23). A 
mixture of 0.05 M aqueous solution sodium selenite and sodium tungstate was gradually 
added to an aqueous solution of tin (IV) chloride (0.05M) in a ratio of 1:1:4. The pH was 
adjusted to zero by adding HCl and kept for 12 h at 2S±2°C. The white gel was filtered 
off, washed several times with DMW and dried at 40±1*'C. The material was broken 
down into small particles by immersing in DMW and converted to H* form by treating it 
with IM HN03 for 24 h at 25±2°C with intermittent shaking. The excess acid and nitrate 
ion was removed by repeated washing with DMW and finally dried at 40±1°C. 
Preparation of pyridine derivative (TTS-Py) 
The TTS-Py was prepared by shaking 2.5 g TTS in iT form with 10 mmoles of 
aqueous solution of pyridine (0.1 M) in a temperature controlled shaker for 6 h at 
30±1°C. It has been found experimentally that the extent of sorption does not increase 
beyond 6h at this temperature. The solid was fihered off, washed with DMW and air 
dried. The clear solution was titrated with standard HCl. The amoimt of pyridine sorbed 
onto TTS was determined as the difference between initial and final concentration of 
pyridine. 
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Distribution studies 
The ion exchange behaviour of both TTS and TTS-Py for some transition metal 
ions was studied in DMW by batch method. The 0.2 g ion exchange material was 
equilibrated with 20ml of solution containing 0.02 mmoles of metal nitrate for 6 h of 
constant shaking at 30±1°C. the metal ion concentration in the residual sohition was 
analysed using EDTA as a titrant. Distribution coefficient (Kd) were determined using 
the formula 
mmoles of metal Ions / g of exchanger, , , , K. = —(ml/g) 
mmoles of metal ions / ml of solution 
Uptake of metal ions on TTS-Py 
The update of some metal ions onto TTS-Py was attempted following the some 
procedure (batch method) as in distribution studies. The 0.2g of STS-Py was 
equilibrated with 20ml of aqueous solution of varying concentration (5xlO'*-5xlO"^M) 
of metal nitrate for 6h at 30±rC. 
EfTect of pH on the uptake of metal ions was also studied by equilibrating 0.2g of 
TTS-Py with a constant amount (0.03mmoles) of each metal ion in acetate buffer 
solutions (20 ml) of varying pH values (3.0-5.5) for 6h at 30±1°C. 
Analytical procedure 
Electron microscopy (SEM) were performed on ground san^les by LEO 435 VP 
microscope with attached imaging device. FTIR spectrum was recorded on samples 
pressed into KBr disc using Perkin Elmer 1730 sepectrometer. The loss of mass 
determination and thermal behaviour of powdered TTS-Py upto temperature of 1000°C 
were obtain at a heating rate of 10°C min-1 in flowing N2 using a General V4. IC DuPont 
2100 thermoanalyzer. 
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RESULTS AND DISCUSSION 
TTS was prepared by the procedure described earlier (23) wherein the formula of 
this material was suggested as [(SnOz) 7 H SeOs (HWO4) i8].45 H2O. TTS-Py compound 
was obtained by equilibrating O.IM aqueous solution of pyridine with powdered TTS for 
6h at 30+1 °C. The amount of pyridine sorbed was estimated as 1.24 mmoles per g of 
TTS. On the basis of its chemical composition the mole ratio of TTS to pyridine was 
found to be 806.5:1.0, indicating a weak sorption onto the surface of TTS. The schematic 
representation of the sorption of the pyridine onto the surface of TTS can be shown as. 
/ 
- OH + ^ ^ ^ ^ / - O H N . ^ ^ ^ 
TTS Pyridine TTS-Py 
Pyridine has an excellent coordinating ability since the nitrogen atom is 
incorporated into a conjugated %- system hence a position is available for metal ions to 
coordinate easily. Thus a high selectivity TTS-Py for some transition metal ions is likely 
to be expected. 
SEM photographs of TTS and TTS-Py at 440x and 120x magnifications are 
presented in fig 5.1. It has revealed the fact that TTS shows a plate like morphology. 
Upon the sorption of pyridine on TTS the morphology has been somewhat changed. 
The IR spectra of TTS and TTS-Py samples have been shown in figs 5.2 and 5.3 
respectively. A strong and broad peak appearing in the region 3500-3200 cm'' ascribed to 
asymmetric and symmetric streching vibration of water. A sharp peak in the region 1650-
1600cm"' with a maximum at 1637 cm"' was assigned to interstitial water. The peaks at 
1176 cm"', 1850 cm"', and 709 cm"' where assigned to metal oxygen bond (24). 
In the fig 5.3, the aromatic C-H vibrations are expected in the region 3100-2950 cm"' 
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(a) 
(b) 
Fig. 5.1 SEM images (a) tin (IV) tungstoselenate (440 X magnification) (b) tin (IV) 
tungstoselenate-pyridine (120 x magnification) 
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which were assumed to be overlapped with the band at 3500-3200 cm"'. The peaks at 
1485 cm"' and 1575 cm"' may be due to C=C and C=N strediing vibrations while C-H 
deformation vibration occurs at 959 cm' (25). These confirmed the presence of pyridine 
in TTS-Py sample. 
The thermogravimetry (TG) curve for TTS-Py (Fig 5.4) shows some distinct 
steps. In the first step, the mass loss of 4% was observed upto QO^-llO'C that can be 
assigned to hydration water. This loss is indicated by a weak endothermic peak in the 
DTA curve (Fig 5.5). This is followed by a gradual loss of mass upto 400°C owing to the 
removal of water molecules formed by the condensation of OH groups and dissociation 
of-HSeOa (26). In the third step pyridine was eliminated at the temperature ranges fi'om 
400°-490°C (27), accompanying a mass loss of 14.35%. It has been supported by a sharp 
exothermic peak with a maximum at 486°C in DTA curve. However, the last traces of 
pyridine were not removed until around 700°C. Actually some of pyridine carbonizes and 
deposits on the surface of TTS and therefore, a higher ten^erature was required to 
remove this carbon. The weight becomes constant beyond 700X due to the formation of 
stable oxides of metal. Overall weight loss was observed 19.0%. 
A comparison of distribution coefficient (K )^ values of Cu^ *, Co^ ,^ Ni^ ,^ Fe'^ a^nd 
Fe^ ^ on TTS and TTS-Py in DMW has been shown in table 5.1. It is interesting to note 
that a remarkable enhancement in Kd values of these transition metal ions on TTS-Py are 
observed. The high uptake may be due to the formation of coordination complexes with 
these transition metal ions by back-donation of non-bonding metal electrons into vacant 
acceptor antibonding pit orbitals of pyridine ring TTS-Py (28). 
The adsorption isotherm of Cu^ ,^ Ni^ ,^ Co^ ,^ Fe^ * and Fe^ "^  on TTS-Py was shovra 
in Fig 5.5. It is evident fi-om the table 5.2 and figure 5.6 that TTS-Py takes up Cu^ * more 
readily followed by Co^ *, Ni^ *, Fe^ "^  and Fe'^. The uptake of metal ions increase mitially 
with the increase in loading and becomes constant beyond 8.0x10"^ mmoles of loading 
except for Fe'* in which uptake becomes constant at 6.0x10'^  mmoles of loading. The 
pyridine was not eluted from TTS-Py during the uptake of metal ions. This provides 
evidence for insitu coordination of metal ions with the ligand (pyridine). 
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Table 5.1 Ka values of metal ions on TTS and TTS-Py 
Metal ions TTS TTS-Py 
Co^ ^ 
Ni 2+ 
Fe 3+ 
Fe 2+ 
466.67 
145.78 
114.74 
200.00 
178.38 
9900.00 
19900.00 
19900.00 
376.19 
6566.67 
Table 5.2 Uptake of metal ions as a function of loading by TTS-Py 
Metal ions 
Loaded 
Uptake of metal ions (m moles x 10'^  /0.2 g) 
x-2 (m moles x 10' /0.2 g) *-. 2+ p 2+ Ni 2+ Fe 2+ Fe V-
1.00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
1.00 
1.98 
1.00 
1.99 
1.00 
1.99 
1.00 
1.97 
0.92 
1.58 
2.92 
3.78 
4.42 
4.75 
4.99 
5.20 
2.94 
3.54 
3.90 
4.14 
4.30 
4.46 
2.92 
3.52 
3.80 
4.08 
4.20 
4.30 
2.83 
3.43 
3.73 
4.03 
4.10 
4.16 
2.22 
2.80 
2.88 
2.94 
3.00 
3.06 
6.0 h 
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Fig. 5.6 Uptake ofmetalions on as a function ofioading by tin (I\ 
tungstoselenate-pyridine 
Ill 
Table 5.3 Uptake o f metal ions as a function of pH by TTS-Py 
pH of Metal ions Uptakeof metal ions (mmoles x 10'^/0.2g) 
the loaded 
solution (mmoles x 10"^ /0.2 g) ^^2+ -^.^ 2+ j^.2+ -^^ 2+ p^>+ 
"3.6 '300 i'si 170 156 136 O.H 
3.5 3.00 2.89 2.80 2.74 ' 2.58 0.26 
4.0 3.00 2.95 2.84 2.82 2.70 0.60 
4.5 3.00 2.87 2.92 2.76 2.82 1.40 
5.0 3.00 2.76 2.79 2.64 2.68 2.10 
5.5 3.00 2.45 2.52 2.30 2.40 1.78 
» ^ W W W « • MWWWWW 
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3.0 3.5 
pH 
Fig. 5.7 Uptake of metal ions as a function of pH by tin (TV) 
tungstoselenate-pyridine 
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The uptake of Cu^ ,^ Ni^ ", Co^ ,^ Fe^ ^ and Fe^ * on TTS-Py was also studied as a 
function of pH and the results are presented in table 5.3 and fig 5.7. It was observed that 
the uptake of Cu^ ,^ Co^ *, Ni^ ^ and Fe^ * is maximum in the pH range 3.5 to 4.5, beyond 
this pH it starts decreasing, whereas for Fe^ ^ it increases sharply with increasing pH and 
attained a maximum value at pH 5. 
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